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FREEZE-DRIED ARTERIAL HOMOGRAFTS 


Clinical Application 


ROBERT B. BROWN, M.D., F.A.C.S., Captain, M.C., U.S.N., Bethesda, Maryland, 
CHARLES A. HUFNAGEL, M.D., F.A.C.S., Washington, District of Columbia, 
JAMES W. PATE, M.D., Lieutenant, (j.g.), M.C., U.S.N.R., and 
W. RONALD STRONG, M.D., Lieutenant, M.C., U.S.N.R., 

Bethesda, Maryland 


HE clinical application of arterial 
homografts has been made practi- 
cal and widely useful by the devel- 
opment of adequate methods for the 
rage of such arterial grafts. The types of 
j servation which have been demonstrated 
be effective clinically, as well as in the labo- 
ory, are those which employ a quick freez- 
technique with storage at —80 degrees C. 
developed by Hufnagel (2, 4, 5, 6) and 
ise which utilize a tissue culture-like me- 
dium with storage at 1 to 3 degrees C. as 
advocated by Gross. The low temperature 
ireezing method has distinct advantages over 
the nutrient media method in respect to ease 
of preparation and length of storage. Both 
methods, however, have several disadvantages. 
Among these are: the specialized care re- 
quired; liability to contamination, power 
failure, and temperature change; relatively 
short period of satisfactory preservation and 
difficulty of shipment to distant areas of need. 
rom the Department of Surgery, U. S. Naval Hospital, Naval 
Medical School, and Naval Medical Research Institute, Nation- 
al Naval Medical Center, Bethesda, Maryland. 
The opinions and conclusions expressed in this paper are those 
of the authors and are not to be construed as official or necessar- 


ily reflecting those of the Medical Department of the U. S. Navy, 
or of the Naval Service at large. 


This is a report of the first clinical use of 
arterial homografts preserved by freeze-dry- 
ing. This method has certain advantages over 
those previously used. While processing is 
somewhat more involved, storage does not re- 
quire the supervision of specialized personnel; 
it is not dependent on controlled conditions of 
temperature, storage media, and sterility; it is 
independent of power failure and most extrin- 
sic influences. With this technique the grafts 
are stored and handled just as a bottle of dry 
blood plasma and may be shipped to any point 
on the globe by commercial carrier. In addi- 
tion, these grafts have a shelf life in excess of 
2 years. 

The freeze-drying method of processing ar- 
terial homografts has been described in detail 
by Hyatt, Pate, and Strong and associates and 
may be summarized as follows. 

The arterial homografts are obtained at ster- 
ile autopsies of patients who die in this hospi- 
tal. Permission is secured from the next of kin 
and the vessels are removed within 24 hours 
of death, the body having been refrigerated in 
the interim as described by Deterling and as- 
sociates. No patients who have positive Kahn 
tests, infections, or malignant tumors are used 
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as tissue donors. The arterial segments are 
removed under elaborate aseptic conditions. 
Sections of each graft are taken for bacterio- 
logic study and microscopic examination. 

The vessel segments are placed in glass tubes 
and frozen by immersion in a mixture of abso- 
lute alcohol and dry ice at —78 degrees C. 
After 5 minutes of freezing in this solution the 
grafts are either placed directly in a freeze- 
drying machine or into storage at dry ice tem- 
perature to await freeze-drying. For drying, 
an extensively modified commercial freeze- 
drying machine is used, and the grafts are 
placed in a vacuum of 50 to 100 microns of 
mercury. The temperature is maintained at 
less than —35 degrees C. for several hours. 
The arterial segments are thus dried by sub- 
limation, the entire process taking approxi- 
mately 72 hours. During the last 24 hours of 
the cycle the temperature is raised to 30 de- 
grees C. When drying is completed the 
residual moisture in the graft has been reduced 
to less than 1 per cent of the normal unbound 
water content. The grafts are sealed in bottles 
under an ionizable vacuum and stored at room 
temperature. 

At the time of implantation the vessels are 
reconstituted by placing them in a large vol- 
ume of physiologic saline solution containing 
penicillin and streptomycin. After 30 minutes 
in this solution, at body temperature, the ves- 
sels, although nonviable, have regained all 
the physical properties of a fresh artery. 

It has been demonstrated in the experi- 
mental animal that freeze-dried arterial grafts 
may be used with excellent results after stor- 
age for periods in excess of 2 years. The inci- 
dence of complicating thrombosis and hemor- 
rhage is lower, replacement of the freeze-dried 
graft with host tissue is more rapid, and there 
is less foreign tissue response than obtained 
with fresh arterial homografts. 

As a result of these animal investigations a 
clinical study in human patients seemed justi- 
fied. The criteria for the use of the grafts are 
those which we have previously advocated (5). 


CAsE 1. The patient, a 20 year old white male, 
was admitted on July 9, 1952, complaining of pain 
in the right leg of 1 year’s duration. He first noticed 
pain in his right hip, thigh, and calf in July 1951 
while climbing a rope ladder on a ship. The pain, 
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most marked in the buttocks and calf, appeared ajter 
walking approximately 50 yards, and became ex- 
cruciating and incapacitating on severe exertion. ‘he 
right foot was frequently colder than the left. Physi- 
cal examination confirmed the history that the risht 
leg and foot were paler and cooler than the left. A 
very faint femoral pulse could be felt on the right 
but no other pulses could be demonstrated in this 
extremity. There was no swelling or skin change 
demonstrable. 

Laboratory tests were within normal limits. No 
calcification of vessels of the lower extremities could 
be demonstrated by radiograph. Skin temperature 
readings were slightly decreased over the right calf. 
Oscillometric studies indicated a decreased blood 
flow in the right leg. 

On August 7, 1952, surgical correction of right 
common iliac artery occlusion was undertaken 
through retroperitoneal approach. The right com- 
mon and external iliac arteries were densely adherent 
to surrounding tissue and completely thrombosed 
from just below the aortic bifurcation. A second 
incision was made to expose the femoral artery and 
the thrombosis was found extending into this vessel 
for a distance of several centimeters, to just above 
the origin of the deep femoral branch (Fig. 1a). 

The common iliac artery was transected 3 centi- 
meters below the aortic bifurcation and the proximal 
clot was removed by endarterectomy. Although the 
vessel wall at this level was quite thick and fibrosed 
an adequate lumen was obtained in the proximal 
stump. The femoral artery was transected just 
above the deep femoral branch. The vessel was 
patent at this level after aspirating the clot, although 
the vessel wall was grossly diseased. Two reconsti- 
tuted freeze-dried arterial homografts were sutured 
together end-to-end to obtain a total length of 15 
centimeters in the relaxed state. The defect was 
then bridged with this combined graft (Fig. rb). 
Excellent pulsations were demonstrable in and below 
the grafted segments of artery. The old adherent 
thrombosed segment of vessel was left in situ, except 
for a biopsy specimen. No attempt was made to 
restore blood flow through the hypogastric artery. 
A right lumbar sympathectomy (L2, L3, L4) was 
performed. 

The pathologic report on the small segment of 
artery removed for study indicated the presence of 
organized thrombus with dense fibrous infiltration of 
the media and adventitia, nonspecific in character. 

Convalescence was uneventful. Excellent pulsa- 
tions were demonstrable throughout the right leg and 
foot. Ambulation in the hospital produced no com- 
plaints referable to the right lower leg but gluteal 
pain on exercise persisted as evidence of the uncor- 
rected hypogastric artery occlusion. Patient was 
discharged to a trial of duty on November 20, 1952. 

The patient was readmitted to the hospital on 
January 5, 1953, for re-evaluation. He complained 
of pain in the right gluteal region on walking 100 
yards. If exercise was continued the pain radiated 
into the posterolateral surface of the right thigh. 
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On physical examination the right leg was much. 


»inker and warmer than the left. Pulses in the right 
eg were present but slightly less bounding than on 
he left. 
There had been a definite diminution in pulse vol- 
ime since discharge from the hospital, and there was 
bruit over the right femoral region. Blood pressure 
1 both legs was normal. Oscillometric readings in- 
icated marked diminution of flow in the right leg. 
The physical signs were indicative of a partial oc- 
jusion at or above the femoral artery. This was 
mnfirmed by an angiogram on January 21, 1953. 
ollowing this the obstruction on the right pro- 
essed rapidly to complete loss of all peripheral 
ilses in this extremity. Concomitantly, symptoms 
creased and the limb became cooler. 
On January 24, 1953, the femoral artery and graft 
re exposed through the old incision below Pou- 
irt’s ligament. The vessel was opened just below 
site of previous anastomosis. An occluding 
rombus was found at this level in the patient’s 
n artery, projecting upward into the graft above 
e distal suture line but not adherent to the graft 
\l. There was no flow of blood from above. The 
aft above Poupart’s ligament was exposed through 
separate incision. No pulsation was demonstrable 
the graft although it did not feel thrombosed. The 
ift was divided in the iliac region above Poupart’s 
ament and was found to be patent although it 
| contain some unattached soft fresh clots. A ure- 
al catheter was passed upward toward the aortic 
urcation and met obstruction above the level of 
© upper anastomosis. When this obstruction was 
‘cibly passed and after irrigations with heparin 
ution, a weak blood flow was obtained from above 
t this did not persist. Repeated attempts to re- 
ve the obstruction and establish flow met with 
le success. Since it was believed that the obstruc- 
in extended to the aortic bifurcation and since we 
re not prepared to resect this structure at the 
ne, the poor arterial flow which had been estab- 
hed was accepted and continuity of the vessel 
is once more restored by a freeze-dried graft (Fig. 


Peripheral pulsations were not demonstrated post- 
peratively, although the patient’s right leg and foot 
remained fairly warm and of good color. The patient 
imbulated conservatively but there was no reason to 
clieve that blood supply to the right leg had been 
ncreased measurably by this last operative proce- 
dure. Since it was apparent that the area of the 
intimectomy near the aortic bifurcation had throm- 
hosed, a third procedure was performed. Through 
a right transperitoneal approach the aortic bifurca- 
tion was exposed and the origin of the common iliac 
was found completely occluded. A second incision 
was made in the leg over the femoral artery which 
Was exposed to a point of patency below the previous 
vraft site. A freeze-dried graft 35 centimeters in 
length was made by suturing two grafts together. A 
new opening was made on the lateral side of the aorta 
i centimeter in diameter and the graft sutured end- 
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to-side to the aorta. The distal end was sutured end- 
to-end to the patent femoral artery below (Fig. 1d). 

On April 29, 1953, all peripheral pulses were pal- 
pable and full, stronger on the right than on the left. 
The patient still complained of cramping pain in the 
calf and hip after walking one-half block. However, 
he emphasized that he was better than before the 
operations. 

This patient has been improved but the 
functional results are not entirely satisfactory. 
In spite of evidence of good blood flow in the 
major vessels of his right leg, he still has symp- 
toms, on exercise, of deficient circulation to the 
extremity. The discomfort in the hip and but- 
tock is probably due to the uncorrected occlu- 
sion of the hypogastric artery. The pain in 
the lower extremity would suggest a progres- 
sion or persistence of occlusive vascular dis- 
ease in the small vessels. 


CASE 2. The patient, a 50 year old white male, 
was admitted on August 14, 1952, with complaints 
of increasing weakness, tingling, and aching of his 
left lower leg of 10 years’ duration. Pain in the calf 
following exercise had increased to the point where 
walking 2 or 3 blocks produced the discomfort. 

Examination of the eye grounds demonstrated 
early arteriosclerotic changes. Both feet were pale 
and cool, most marked on the left. The pulses on 
the left were absent, while on the right the femoral, 
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Fig. 2. Case 2. 


popliteal, and pedal pulses were all present although 
the latter were rather faint. 

By laboratory studies, electrocardiogram, and 
roentgenogram the lower extremities were found to 
be normal. Oscillometric readings indicated dimin- 
ished blood flow on the right and almost complete oc- 
clusion on the left. Skin temperature was dimin- 
ished over the left lower leg. 

A diagnosis of left iliac artery occlusion was made 
and on September 9, 1952, this vessel was exposed 
by an extraperitoneal approach. The aortic bifurca- 
tion and the left iliac artery were mobilized. The 
occluded left internal iliac artery was ligated and 
divided. A short occluded segment low down in the 
external iliac artery was treated by excision and 
anastomosis of the vessel ends. The long upper oc- 
clusion was treated by excision of a 6 centimeter seg- 
ment of the common and upper external iliac arteries. 
A free flow of blood was obtained both proximally 
and distally. Degenerated intima was excised from 
the vessel ends and continuity was restored by the 
insertion of a freeze-dried arterial homograft (Fig. 
2). A good blood flow through the graft was demon- 
strated. A left lumbar sympathectomy was per- 
formed prior to closure. 

The pathologic report indicated the presence of 
arteriosclerosis of the common and external iliac ar- 
teries with thrombus formation. 

Convalescence was uneventful. The left leg be- 
came and continued warmer than the right. Femoral 
pulsations were present on the left at the time of dis- 
charge on October 16, 1952. The patient admitted 
to subjective improvement but no real trial on exer- 
cise had been possible. 

On April 7, 1953, the patient was seen for follow- 
up examination and he reported subjective improve- 
ment. He was able to walk over 200 yards before 
the onset of pain in the leg and thigh. The left 
femoral pulse was palpable although there was no 
popliteal or dorsalis pedis pulse present. The left 
lower extremity was warmer than the right. Oscil- 
lometric readings were still slightly diminished on 
the right and markedly diminished on the left. 


The placing of the iliac graft has resulted in 
at least partial restoration of blood flow in the 
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right femoral artery as indicated by the per- 
sistent pulsations in this vessel. In spite of 
this, subjective and other objective signs of 
improved circulation have been slight. A\- 
though the graft may have corrected the 
major obliterative lesion in the patient, asso- 
ciated small vessel disease has compromised 
the functional result. 

CASE 3. The patient, a 43 year old white male, 
was admitted on August 5, 1952, complaining of 
inability to walk more than 2 or 3 blocks without 
developing severe cramp-like pain in the left calf, 
This intermittent claudication was first noted in 
1946 and then only following extreme exercise. By 
1949 the patient was forced to stop work as a truck 
driver because of the pain in his calf. However, it 
was not until about 6 months prior to admission 
that the claudication became incapacitating and 
was accompanied by a feeling of coolness in the leg. 
Positive physical findings were limited to the lower 
extremities. There were fine spider varices of both 
lower legs but there was no associated edema, pig- 
mentation, or ulceration. The left leg was slightly 
pale and cooler than the right. The right femoral 
pulse was good with an inconstantly demonstrable 
posterior tibial pulse. All pulses were absent in the 
left leg. 

Findings by laboratory studies, electrocardio- 
gram, and chest and lower leg roentgenograms were 
normal. Skin temperature studies revealed the left 
leg to be cooler than the right. Oscillometric read- 
ings indicated marked impairment of blood flow in 
the left leg and moderate impairment in the right 
leg. 

A diagnosis of left iliac artery occlusion was made 
and an operation was performed on September 17, 
1952. The bifurcation of the aorta and the left 
common iliac artery were exposed through a retro- 
peritoneal approach. The left common iliac artery 
was quite small, having an estimated 8 millimeter 
outside diameter. Palpation of the vessel demon- 
strated an occlusion extending from about 2 centi- 
meters below the aortic bifurcation for a distance of 
8 centimeters. Exploration of the right iliac artery 
showed multiple plaques and decreased pulsation 
below an area of partial occlusion in the common 
iliac artery (Fig. 3a). Left lumbar sympathectomy 
was performed. The left iliac artery was opened in 
the occluded area and was found to be completely 
filled by organized thrombus. After placing Pott’s 
clamps proximally on the aorta and distally on the 
external iliac and hypogastric arteries, the throm- 
bosed segment of the vessel was excised. Atherom- 
atous plaques were demonstrated in the proximal 
stump of the common iliac and these extended into 
the aorta. A few fragments of these were removed 
prior to bridging the defect with a similar shaped 
freeze-dried homograft anastomosed to the common 
iliac above and the external and internal iliacs be- 
low (Fig. 3b). Pulsations were demonstrable 
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hroughout the graft and the involved arteries at 
he conclusion of the procedure. 

The pathologic report indicated the presence of 
rganized and recanalized thrombus of an arterio- 
clerotic artery. 

Postoperatively the patient’s left leg was warmer 

han the right and good pulsations were felt through- 
ut. Approximately 2 weeks after operation the 
atient was complaining of right gluteal and lower 
g pain. There were no pulsations demonstrable 
, this side from the femoral region down. Color, 
mperature, and pulsations remained good on the 
it. Oscillometric readings indicated greatly de- 
eased blood flow on the right. 
By December 30, 1952, the patient complained 
claudication in the right leg as severe as that on 
e left before operation. There was a continued 
sence of pulsation on the right but good pulsations 
rsisted on the left. Oscillometric readings indi- 
ted almost no blood flow in the right leg and a 
od flow in the left leg. 
Lumbar sympathetic block on the right side re- 
ted in increased skin temperature but did not 
rease the exercise tolerance or the oscillometric 
idings. 
(n February 2, 1953, the right iliac artery was 
sosed by an extraperitoneal approach. The oc- 
ision in this vessel extended from the aortic 
urcation distally for a distance of 7 centimeters 
g. 3c). The previously placed iliac graft on the 
| side was patent and pulsating. The occluded 
‘ment of the right iliac artery was resected to 
hin r centimeter of the aorta. The defect was 
dged by a freeze-dried graft, the proximal end of 
ich was sutured to a new opening in the aorta 
proximately 2 centimeters above the bifurcation 
¢. 3d). A right lumbar sympathectomy was per- 
med before closing the wound. 

[hree months later on May 15, 1953, the patient 

s seen for follow-up examination. He claimed 

irked subjective improvement. He could walk 

out 15 blocks before developing pain and tiring 
his hip and thigh. All peripheral pulses were 
lpable in both extremities. His only real com- 
jlaint was impotence which had developed prior to 

s second operation. 

Five months after the last operative procedure, 
n July 1, 1953, this patient developed sudden loss 
ol peripheral pulses in both extremities associated 
ith acute arterial insufficiency of the right leg 
which necessitated midthigh amputation. Patho- 
logic examination of the excised specimen showed 
ld and recent thrombosis of the popliteal artery 

its bifurcation and atherosclerosis of all the 
major vessels examined. 


In contrast to the first 2 cases this patient 
initially obtained a functional result compat- 
ible with the restoration of blood flow in the 
major blood vessels of both lower extremities. 
On the other hand, the complaint of impo- 
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Fig. 3. Case 3. 

tence associated with pain and tiring of the 
hip and thigh strongly suggested marked im- 
pairment of hypogastric artery blood flow. 
The vascular insufficiency associated with the 
loss of the right lower leg may have been due 
to the popliteal occlusion but the nature of 
the concomitant obstruction at a higher level 
is unexplained to date. 


CasE 4. This 40 year old white male was ad- 
mitted on October 16, 1952, for treatment of hemor- 
rhoids. The history elicited the fact that the patient 
had been receiving treatment for Buerger’s disease 
for practically 2 years (he had been told to stop 
smoking and had received priscoline). Symptoms 
referable to this diagnosis were tenderness and ting- 
ling of the legs, and a decrease of exercise tolerance 
with walking limited by claudication to about 4 
blocks. 

Physical examination revealed small hemorrhoids 
but surgical treatment was deferred. No abdominal 
aortic pulsations could be elicited, and femoral, 
popliteal, and dorsalis pedis pulses were absent bi- 
laterally. Carotid and radial pulses were demon- 
strable. No btood pressure readings could be ob- 
tained in the legs. Blood pressure in the arms varied 
from 200/120 to 180/84. 

Roentgenograms of the chest and an angiocardio- 
gram failed to indicate coarctation of the aorta at 
the usual level. Extensive calcification of the ab- 
dominal aorta was demonstrated by abdominal films 
taken in the lateral projection. The Kahn test was 
negative. A benzodioxane test for pheochromo- 
cytoma was negative. 
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Fig. 4. Case 4. 


On November 12, 1952, the patient was explored 
with a diagnosis of segmental occlusion of the distal 
abdominal aorta. The aorta was exposed trans- 
peritoneally, through a lower left rectus incision, and 
found to be occluded by a thrombus which extended 
from a point just distal to the renal arteries down 
to the iliac arteries (Fig. 4a). The aorta was tran- 
sected above at a point 2 centimeters distal to the 
renal arteries and below just proximal to the inferior 
mesenteric artery. Thrombus and intima were re- 
moved from the aorta and the mesenteric artery. 
The defect in the aorta was bridged with a freeze- 
dried arterial homograft which restored the pulsa- 
tions to both the iliac arteries (Fig. 4b). A bilateral 
lumbar sympathectomy was performed before clos- 
ing the wound. 

Postoperatively the patient did well. Femoral and 
pedal pulses returned to both legs. 

The pathologic report indicated occlusion of an 
atherosclerotic constriction of the aorta by an organ- 
ized thrombus. 

This patient was examined last on May 15, 1953. 
He reported remarkable improvement in exercise 
tolerance to the extent that he could walk 3 to 5 
miles without symptoms. His left leg has not both- 
ered him since the operation but the right lower leg 
has become tired on long standing. Femoral and 
pedal pulses were present bilaterally but perhaps a 
little less full on the right. Oscillometric readings 
on both legs were within normal limits. 


This patient has an excellent result as far 
as his legs are concerned. Postoperative loss 
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Fig. 5. Case 5. 
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of ejaculation is presumably due to the bilat- 
eral lumbar sympathectomy. 


CAsE 5. The patient, a 52 year old white mak 
was admitted on November 18, 1952, for treatmen 
of a right common iliac aneurysm. This lesion had 
been discovered 1 month previously during a routine 
abdominal exploration accompanying a cholecystec- 
tomy. There were no symptoms attributable to the 
aneurysm. 

Physical examination, except for moderate obesity 
and a well-healed right subcostal abdominal incision, 
revealed essentially normal findings. Routine lab- 
oratory examinations and special diagnostic studics 
were noncontributory. 

Operation was performed on November 19, 1952, 
under spinal anesthesia. A right lower quadrant 
retroperitoneal approach was used. The aortic bi- 
furcation, the right common iliac, and the internal 
and external iliac arteries were identified and mobil- 
ized. 

The saccular aneurysm, 2 by 3 centimeters, of the 
common iliac artery extended downward to include 
the origin of the hypogastric artery (Fig. 5a). There 
was a small atheromatous plaque on the vessel wall 
opposite the aneurysm. The aneurysm was excised 
and the defect was bridged with a freeze-dried ar- 
terial homograft of common iliac artery with its 
bifurcation (Fig. 5b). After the anastomosis had 
been completed good pulsations were demonstrable 
in both the internal and external iliacs below the 
graft. Before closing the wound a right lumbar 
sympathectomy was performed. 

The pathologic report indicated arteriosclerotic 
aneurysm of the right common iliac artery involving 
its bifurcation. 

The patient’s postoperative course was quite un- 
eventful and he was discharged from the hospital 
on December 5, 1952, returning 6 months later for 
follow-up examination. He had no symptoms except 
for occasional paresthesia in the right thigh. Pedal 
and femoral pulses were readily palpable and equal 
bilaterally. 

Oscillometric readings and skin temperature deter- 
minations were within normal limits. 


This patient demonstrates well a precise jn- 
dication for arterial grafting, with ideal results 
to date. 


CAsE 6. The patient, a 24 year old white male, 
was admitted on November 17, 1952, with an estab- 
lished diagnosis of coarctation of the aorta. Several 
months prior to admission he had been operated 
upon at another institution where a large aneurysmal 
dilatation was found distal to the coarctation, mak- 
ing resection and primary anastomosis impossible. 
Since no graft was available the chest was closed 
without treatment. 

Physical examination and laboratory studies were 
consistent with the established diagnosis. 
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On December 3, 1952, the left hemithorax was 
tered through the old incision. There was almost 
nplete symphysis of the visceral and parietal 
uras and a long, tedious dissection was necessary 
expose the aorta. The area of coarctation and the 
ststenotic dilatation (Fig. 6a) were exposed and 
bilized along with proximal and distal aorta. It 
s necessary to ligate and divide three pairs of 
-rcostal arteries during this maneuver. The liga- 
ntum arteriosum was also ligated and divided. 
lhe coarctation and the aneurysm were excised 
er Pott’s clamps had been placed proximally and 
ally on the aorta. The length of aorta resected 
s approximately 4 centimeters. The aneurysm 
3% centimeters in diameter. The defect was 
iged with a freeze-dried aortic graft, 8 centi- 
ers in length (Fig. 6b). In spite of a rather pro- 
inced discrepancy in size between the diameter 
he graft and the dilated distal aorta, satisfactory 
stomosis was obtained. The chest was closed in 
rs and water seal drainage of the left pleural 
ce was established through a catheter brought 
of the ninth interspace. The pathologic report 
cated coarctation of the aorta with aneurysm. 
onvalescence was prolonged by persistently re- 
rent abdominal pain, distention, and constipa- 
Symptomatic treatment was used and finally 
se symptoms subsided. At the time of discharge 
1 the hospital on January 12, 1953, blood pressure 
he arms was 114/64, 108/60 and in the legs 
88, 142/82. 


(his case presents a precise indication for 
erial grafting, with a good clinical result to 
ie following excision of the original congeni- 
lesion. 


‘ASE 7. The patient, a 57 year old white male, 

admitted on March 23, 1953, for repair of a 
irrent left inguinal hernia. Physical examination 
ealed a lemon-sized, pulsating, midabdominal 
ss that was thought to be an aneurysm of the 
lominal aorta. Except for mild hypertension and 


he presence of the recurrent hernia, findings of the 
l\vsical examination were essentially normal. Lab- 


tory studies and special examinations showed re- 
its within normal limits. 
On April 24, 1953, the aneurysm of the abdominal 


aorta was exposed through a transperitoneal ap- 
pr 


oach. The saccular dilatation just above the bi- 
ircation of the aorta was about 8 centimeters in 


‘ngth and 5 centimeters in transverse diameter. In 


ldition, there was aneurysmal dilatation of the 
ght common iliac artery extending downward to 
ivolve the iliac bifurcation on the right side and 


‘ss extensive dilatation of the common iliac on the 


it (Figs. 7a and 8a). The involved vessels were 


freed from well above the aneurysm in the aorta to 
below the bifurcation of the iliac on the right and 


if 
ri 
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) just above the bifurcation on the left. The infe- 
or mesenteric artery was ligated and divided during 
ie procedure. The aneurysmal portions of the 
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Fig. 6. Case 6. 


arteries were excised in continuity and replaced by 
a freeze-dried arterial homograft of similar anatomic 
distribution. This involved 4 end-to-end anasto- 
moses to restore the continuity of the abdominal 
aorta, the right external and internal iliac and the 
left common iliac arteries. The over-all length of 
the graft was 20 centimeters (Figs. 7b and 8b). Bi- 
lateral lumbar sympathectomy was performed. The 
descending and sigmoid colon were examined be- 
fore the abdomen was closed and found to be 
adequately vascularized. 

The pathologic report indicated aortic and iliac 
aneurysm with advanced atherosclerosis and throm- 
bosis of the involved vessels. 

Convalescence was extremely smooth. Good periph- 
eral pulses were demonstrable in both lower ex- 
tremities. Bowel function was resumed unevent- 
fully. The patient has gradually increased his 
ambulation which has been somewhat limited by 
weakness of the right lower leg. This complaint is 
disappearing with time and physical therapy. 


This patient has had an excellent result fol- 
lowing the resection of his abdominal aneu- 
rysm and replacement of the excised vascular 
segment with a freeze-dried graft. An unex- 
plained severe cyanosis of the right leg and 
foot was noted at operation prior to applica- 
tion of any occluding clamps for resection and 
anastomosis. This cyanosis persisted well into 
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Fig. 7. Case 7. 











TABLE I 
} ~ | 
| Pa- | Type of | Don- | Stor- | Length 
ae te tient’s 2 . ors | age 
Case No. | age freeze-dried ane | rindi of graft, 
’ we | , , . 
years homograft | years | days cm. 
1 Operation | | 
I 20 Femoral artery (2) 35 82 7 
: 5 a | 
Operation 
2 . Femoral artery 22 89 | 7 
Operation 
3 Femoral artery (2) 22, | 173 15 
‘a | 53 20 
2 50 Common iliac 25 256 5 


3 Operation | 
I 43 Left common iliac 38 [~ an Vk <2) 
Operation | 
2 Common with external 


| I 
iliac 33 154 | 1% 
4 40 Abdominal] aorta 47 110 44 
5 52. | Common iliac with bi- 
furcation 33 23 7 
6 24 Lower thoracic aorta 33 37 7 
7 57 Lower abdominal aorta 


and common _iliacs 
with their bifurca-| 
| tions | 





the second postoperative day in the presence 
of good peripheral pulses in the extremity. 
This episode may be related to the gradually 
diminishing weakness of the right leg which 
has been the patient’s only postoperative com- 
plaint. 

DISCUSSION 

A direct surgical attack in the form of ex- 
cision of lesions of major blood vessels has 
been, to a large extent, a product of recent 
years. When extensive, such procedures de- 
pend upon the availability of a suitable graft 
to replace the excised segment of vessels. 

In general, the vascular lesions for which 
excision and replacement offer real promise in 
treatment are: (1) aneurysms of major vessels 
including the aorta; (2) coarctation of the 
aorta; (3) segmental occlusive diseases of ma- 
jor vessels; (4) malignant invasion of major 
vessels; (5) traumatic lesions of major vessels. 
Before embarking upon this clinical study of 
freeze-dried arterial homografts it was decided 
to use them without selection in all cases re- 
quiring replacement of a segment or segments 
of the vascular tree. To date we have treated 
cases in the first three categories listed. Al- 
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though we have not treated any acute traumat- 
ic cases in this series, it is our prediction that 
these preserved, readily transported, and eas- 
ily applied grafts may be found of great value 
in the field of military surgery. 

So far as we have been able to ascertain, 
these are the first human cases in which freeze- 
dried arterial grafts have been used. Twelve 
vessel segments have been implanted in 7 pa- 
tients. Table I shows the type and length of 
graft employed and duration of storage prior 
to use. The cases have been followed for 
periods varying from 1 to g months. In all 
instances patency of the graft apparently has 
been maintained during this relatively short 
period of observation. This gratifying clinical 
experience has been that which was postulated 
from the study of freeze-dried arterial homo- 
grafts in the research laboratory and the ex- 
perimental animal (8, 9). 
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THE DIAGNOSTIC VALU 


E OF TISSUE CULTURE 


STUDIES OF PLEURAL EFFUSIONS 


Five Year Follow-Up of Cases 


MACHTELD E. SANO, M.D., Philadelphia, Pennsylvania 


N a previous preliminary report it has 
been shown that cells from human body 
fluids have different growth patterns in 
tissue culture which may be of diagnostic 
ilue, especially in those cases in which other 
ethods have failed to establish a diagnosis 
4). The present paper deals with similar de- 
iled studies of 56 specimens from 50 cases 
lable I) representing varied diseases. These 
ive been grouped more or less arbitrarily into 
ircinomas (primary and metastatic), granu- 
nas, lymphomas, and inflammatory condi- 
ns. In the study of this present series cellu- 
- growth patterns have been analyzed, cor- 
‘ated with the pathologic states which pro- 
ced the effusions, and compared with the 
| block and Papanicolaou smear studies. 


METHOD 


he fluids were collected under sterile con- 
tions. Twenty cubic centimeters, if suffi- 
nt material was available, were used for the 
sue culture studies, and the remainder was 
nt to the department of pathology for cell 
ock. The cells were inoculated between 1 to 
hours after removal into two types of media; 
1e consisting of autogenous plasma (fasting), 
yrode’s solutions, and mouse embryo extract, 
id the other of chicken plasma, Tyrode’s, 
und embryo extract. The apparatus was the 
double coverslip cell of Sano-Smith (18) and 
ihe roller tubes of Gey and Lewis. Cinephoto- 
micrography with an inverted microscope and 
constant temperature chamber (16, 17) per- 
mitted the study of the cultures by time lapse 
moving pictures without interfering with cel- 
lular growth. In situ staining (12, 15) by a 
procedure applicable to both routine sections 
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and Papanicolaou smears was used to facili- 
tate cellular comparison. 

The use of autogenous plasma needs further 
explanation, for it is intentional and not arbi- 
trary. Since 1940 some 400 human tissues 
(normal and diseased) have been studied by 
the tissue culture method with both types of 
media. It became increasingly apparent that 
in most instances, though not in all, the cell 
type and pattern of the original tissue were 
more closely reproduced in those cultures in 
which autogenous plasma had been used (13, 
19). Each plasma or serum seems to have par- 
ticular properties which influence cell growth 
and each type of cell colony in turn reacts in 
its own particular way to its new environment. 
Recently, Parker has confirmed these observa- 
tions illustrating them with beautiful photo- 
graphs of living cultures from unpublished 
studies by Carrel. While it is not feasible to 
record in this paper all the data pertaining to 
the observations on this particular point, it is 
important to remember that the type of media 
used has definite influence on growth pattern. 


OBSERVATIONS AND TISSUE CULTURE 
INTERPRETATIONS 

The type of cells seen, their approximate 
number, and behavior were recorded daily for 
a period of from 3 to 10 days. Table V sum- 
marizes these findings for the first, second, and 
fourth day respectively. Tissue culture inter- 
pretations are recorded in Tables II, III, and 
IV, together with sex, age, clinical and final 
diagnosis of the patients as well as the patho- 
logic and Papanicolaou studies. Representa- 
tive or interesting cases of each group are dis- 
cussed in the following paragraphs giving case 
history, cell block, and smear diagnosis and 
tissue culture findings and interpretations 
with follow-up. 
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TABLE I.—EFFUSIONS STUDIED 




















|: arar No. | a No. of 

specimens pong laiscarded oo <P" 
Pleural effusions | 43 37 | I 42 
Peritoneal effusions 9 8 | ° 9 
Pericardial effusions 5 3 | I 4 
Synovial fluid (knee) | I I | ° I 








GROUP I—THE CARCINOMAS 


CasE 6-879. This patient, a white female, devel- 
oped swelling of the neck and upper extremities, 
hoarseness, and slight dyspnea over a period of 12 
weeks. On x-ray examination a mediastinal mass 
and bilateral pleural effusions were seen. There was 
axillary lymphadenopathy. Sections from these 
nodes revealed a reactive hyperplasia. Cell blocks of 
the effusions were negative for tumor cells as were 
the smears. Most of the cells were lymphoid or 
mesothelial in type. In tissue culture the cells began 
to alter in shape and size ro hours after their inocula- 
tion. Numerous mitoses were seen. The nucleus 
grew disproportionally large, though this is more evi- 
dent in the living culture than in the fixed-stained 
culture (Figs. 2 and 3). Study of the moving pictures 
revealed the presence of multinucleated tumor cells 
as well as rapid multiplication of tumor cells. They 
tended to form a tissue mat or align themselves in 
single rows. According to the tissue culture studies 
the tumor had already invaded the pleurae, and 
growth pattern as well as cellular characteristics 
(Fig. 4) could be determined. 

The patient did not respond to x-ray therapy, and 
she died 4 months later. 

Sections were obtained from the primary lung 
tumor found at postmortem examination. Figure 5 
shows the type of cells found and their growth pat- 
tern. The resemblance of this anaplastic tumor to 
the tissue culture growth seen in Figures 3 and 4 is 
unmistakable, and comparison of Figures 1 to 5 will 
be more convincing than any description. 

CASE 17-1160. This 19 year old white female had 
noticed abdominal swelling for the last 2 weeks. She 
complained of dull chest pain which was aggravated 
on deep inspiration and was accompanied by cough. 
On admission a diagnosis of ovarian tumor and 
Meigs’ syndrome was made. On cell block the pleural 
fluid was found to be extremely cellular but no tumor 
cells were found, neither were any seen on smear. In 
tissue culture the growth pattern was very different 
from that of the previous case as is seen by compar- 
ing Figures 2 and 3 with Figures 7 and 8. The tumor 
cells were elongated, grew in clusters, and their cyto- 
plasm was finely vacuolated. 

An ovarian adenocarcinoma was removed surgi- 
cally. The patient died of generalized metastases sev- 
eral months later. 

Figure 9, showing a section of the primary ovarian 
tumor, reveals the similarity between these cells and 
the cells which grew in tissue culture (Fig. 8). On 
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the other hand it shows how very dissimilar these 
cells are from the ones seen on smear (Fig. 6) and 
those same cells shortly after inoculation into the 
tissue culture medium (Fig. 7). Comparing the nu 
clei of the cells grown in culture (Fig. 8) to those of 
the primary tumor (Fig. 9), one notes a rather un- 
usual condensation of the chromatin at one pole in 
both and a similar chromatin pattern. 


In both these cases we see that tissue cui- 
ture, or kinetic pathology (Gr. kinétikos, put- 
ting in motion), as I prefer to call the culture 
in vitro of pathologic tissues, revealed cellular 
potentialities which cell block or smear could 
not disclose. Beside the diagnostic value, the 
presence of tumor cells in the second case lead 
us to reconsider the diagnosis of Meigs’ syn- 
drome (7, 8). Originally, this was meant to be 
pleural or ascitic fluid, or both, in the presence 
of a benign ovarian tumor such as a fibroma. 
Later the term was used by others in cases in 
which there were effusions but no evidence of 
metastases to the pleurae or peritoneum yet in 
which the ovarian tumor was malignant or po- 
tentially so. The absence of metastases to the 
serosae is determined most frequently by ex- 
amination of the fluid. But we have just dem- 
onstrated that living tumor cells may be pres- 
ent though they cannot be identified on cell 
block or smear. Therefore, the ascites and 
hydrothorax may still be due to the direct ir- 
ritative presence of the tumor. Is it not better 
then, to retain the original qualifications of 
Meigs and use the term only in those instances 
in which the ovarian tumor is neither malig- 
nant nor potentially so? 

From the cases studied in group 1 (Table II 
1-17) and other tumors grown in the last 10 
years by me, it has been consistently seen that 
the tumor cells of advanced cases are difficult 
to grow. While they appear viable histologi- 
cally they neither moved nor showed intracel- 
lular activity, an observation confirmed by 
moving pictures. The effusion fluids in these 
advanced cases have an inhibiting effect on 
the growth of normal and tumor cells, and this 
in opposition to those in the less advanced 
cases which contain definite growth promoting 
factors. It is important, therefore, to have a 
careful follow-up in all these cases so that the 
condition of the patient and the date of death 
may be correlated with the tissue culture ob- 
servations and accurately evaluated. 
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Fig. 1. Fig. 2. Fig. 
Fig. 1. Case 6. Effusion cells fixed and stained. (P.I.S.1, X119.) 
Fig. 2. Living culture 48 hours after inoculation. Note variation in size, mitoses. 
and large nuclei. X 119. 
Fig. 3. Same culture as is Fig. 2 but fixed and stained. P.I.S. X119. 
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Fig. 4. 
Fig. 4. Same as Figure 3 but magnified. X 558. 
Fig. 5. Anaplastic primary pulmonary carcinoma found at postmortem. Note simi- 
larity of cellular pattern to that in tissue culture (Figs. 3 and 4). 


In normal body fluids, cells suggestive of While the viability of tumor cells in body 
malignant alteration are never found. There fluids has been established by many other in- 
is transformation of monocytes to polyblasts, vestigators, the identification of tumor cells by 
or foreign body giant cells and fibroblasts ap- tissue culture, or, as I prefer, kinetic pathol- 
pear within 3 to 4 days, but growth is never ogy, in fluids in which no tumor cells had been 
profuse. Spontaneous malignant alteration demonstrated by other methods, as far as I 
has never been known to occur within a few know, has never been used previously as a di- 
days in any tissue culture of normal cells. agnostic tool except in our previous studies 

'P.1.S. Polychrome in situ stain (12, 15). with C. T. Bello. The method is not a substi- 




















No Pat Sex Age . Clinical diagnosis Pathologic diagnosis Pap. smear 

. eae TH. 4 I le, | Pulmonary. ca: Pleural gireion! oes None made ae 
, ee Ta - F ; re ~ | Pulmonary ca. Pleural effusion None made 
yt 3-654 bv. | M i | 64 “} Pulmonary ca. Carcinoma icdahahietiaileit Positive ~~ 
a “a-7is* M.M. | M ma 37 ~ | Pulmonary 3 | Pleural effusion : None made 
. 5-736 eo le 60 a ‘Pulmonary ca. | Undilferent ca. _ | Positive 
ii 6-879 re + ; "Mediastinal tum. met. 2 ‘Pleural effusion ‘ 7 i 
ae: 7-886 40 | Pulmonary ca. ‘| Pleural eka : ~~ | None made : - 
- 8-100: BS 62 | Pulmonary ca. | _ Positive —_ 
. . 1107 a 53 EB CGARNGRER| Dostave. = — 
: 10-1135* i 53 | Pulmonary ca. 7 | Suspicious for ca. Positive io, : 
11130 ‘| 46 | Pulmonaryca. | Carcinoma Positive 
aa 358 ' 56 | Metastatic ca. | Pleural effusion | None made 
~azyarg | TG. OOF 62 | Pleural effusion ; "| Metastatic ca. "| None made = 
- 14-595 | B.J. | M 63 | Pleural eff. met. ca. = Suppurative excud. ~ | Suspicious _ 
7 15-1104 | Mj. | M 42 Pulmonary ca. | ‘Malignant cells ° | Positive 7 
16 1134 ‘| BS. 7 M 74 ‘Tuberculosis ca.? | Pleural effusion _ | ‘No cells 7 
o: 17- 1160 BC. | F 19 Ovarian ca. Meizs’s. 7 No tumor cells | Suspicious 
i. 18. 144 HN. | F 41 | “Metastatic ca.? ae ccudate | Negative ve a 
19-777 wy. | M 18 | Tuberc.-Boeck’s? ~ | Inflamm. excudate “| Negative 
: ae 359 V.M. | I 68 | @ioteianis - 7 | Pleural effusion “None made 

2r-820* | M.C I 74 | Malignancy-tuberc.? Many lymphocytes "| Negative 
: 22-926 H.F. M 56 Tuberous? Pleural uaa. S "Suspicious 
j 23-1005 PL. I 35 Tuberculosis:malgn.? Pleural effusion Negative ; : 
¥ 24-1143 K.J. M 50 =| Unexplained fever ‘| Nonedone | ‘Negative 

25-1179 G.I M 73 | Malignancy No tumor cells Atypical 
ae eee Em —|__—_ ie es ‘ Mi = 

26-404 G.H. M 51 | Multiple myeloma Plasma cell myeloma None made 

27-265 B.E I 48 | Pneumonitis-C.V.D. Pleural effusion None made 

28-1181 jF. M 27 Pneumonitis Pleural effusion Unsatisf. 

29-275 B.F. M 48 | Pneumonitis Pleural effusion None made 
—— —$—$—<—_ - — — — _ 

30-469 B.R. M 24 Tuberculosis Pleural effusion None made 

31-1185 H.M. I 29 ‘| Pleural effusion Pleural effusion Unsatisf. 

32-1213 LH. M 31 | Inflammation? Pleural effusion Débris 

33-392* S.M. M 63 | Fissure in ano Pleural effusion None made 

34-680* K.L. M 20 Obstruction inf. v.c. Pleural effusion None made 

35-311* j.W. M 60 Pulmonary ca.? Inflamm. or leuk.? None made 

36-623* TJ: M 17 Pulmonary ca.? Pleural effusion | Positive 

ae ales = : |-—-—— 
37-802 KF 63 Tuberculosis-malgn.? Inflamm. excudate | Negative 
38-1108 E.R. | M 45 Carcinoma? Not sent | Positive 


TABLE IIl.— PLEURAL EFFUSIONS 
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*Several specimens were examined. 


{Did not grow but could be identified. 


























Tissue culture diagn. Outcome | Yr. 
enocarcinoma ae | 
satisfactory | ? | 
rcinoma | Died | 
nor cells | Died 
nor cells | Died 
nor cells Died 

growth Died 
inoma ft Died 
inoma-squamous | Died 
nor cells Died 
inoma-squamous Died 
itisfactory Died | 
inoma | Died 
inoma-squamous f | Died 
or-melanoma? } Died 
w cells | Died | 
wr cells Died 
reulosis Died | 
rctulosis- Boeck’s? | Died 
shoblastoma | Died 
shosarcoma | Died I 
lymphoma Died I 
ymphoma Died I 
rculosis-Boeck’s? Died 
wecells Died | 
na cellst Died 
for t.b., ca., infl. | 
for t.b., ca., intl. | Well 
for t.b., ca. Well 5 
ear inclusions? Well 5 
for t.b., ca. Well 5 
rowth Well 5 
iling process Well 5 
rroblastic prolifer. Died 
picious Died 
Tumor cells Died 
l'uberculosis Died 


Cumor cells melanoma? ¢ 


2 
i 
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TABLE II].—PLEURAL EFFUSIONS (cont.) 


Diagn. confirm. 
Pleural biopsy 
| Discarded 


Postmortem 





1 | Pleural biopsy 
2? | Exploratory 
4] Postmortem 


9 | Pneumonectomy 


12 days | Biopsy-postmortem 


214 | Postmortem 


5 | Lung biopsy 


8 | Exploratory 
2 | Breast amputation 


3 | Pleural effusion 


17 days | Postmortem 


2 | Pleural effusion 

1 | Postmostem 

4 | Surgery-pathology 
I | Spinal fluid cult. 

4| Lymph node biopsy 


3 | Lymph node biopsy 


Pleural biopsy 
3 Response to x-ray 


3 | Response to x-ray 


| 
8 | Postmortem-granul. 


16 days | Blood smear 


8 | Postmortem 
No follow up 
6 | Unconfirmed 


Clinically-x-ray 


Clinically-x-ray 
2 | Clinically-x-ray 
° Clinically x-ray 
6 ‘Clini ally-x-ray 


1 | Postmortem 


7 | Unconfirmed 


2 | Unconfirmed 


3 | Unconfirmed 


| Unconfirmed 





Final diagnosis 
“Adenocarcinoma ; 
Pukeanane a. met 
Mesothelioma 
Undifferent, ca. 

“Anaplastic ca.-met. 
Bronchaweni ca. 
| i ae ta. met. 
Bronchogenic « 2. 
Pulm. adeno. ca. 
Tron hogenic ca 
Mammary ca. met. 
Carcinomatosis 
Bronchogenic ca. 
Metastatic ca 
Adeno. ca.-sigm. 
Ovarian ca. met. 
Tuberc. mening. 


Atypical tub. 


Mal. lymphoma 


Mal. lymphoma 


Mal. lymphoma 


Mal. lymphoma 
Acute leukemia 
Chronic I. leuk 
Multiple myel 
Pneamonitis 


Pneum.-cardiac 


Pneumonitis 
Pneumonitis 


Pneumonitis 
Pneumonitis 


Pneumonitis 
Chiari’s synd. 
Pulmonary ca.? 


Pulmonary ca.? 





| Renal ca. or t.b 
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TABLE III.— PERITONEAL EFFUSION 

























































































No. | Pat Sex Age | Clinical diagnosis | Pathologic diagnosis Pap. smear 
30-143 Gay. 1 a | 56 Ovarian tumor Metastatic adeno. ca. Positive = 
40-148* W.A. I 53 Ovarian tumor ieee Adenocarcinoma a Positive een 
41-1155 - BC. | I : 1° Ovarian tumor - No tumor cells ai ma Suspicious a 
ors iar. | 7 =o Metastatic ca.? ie ' No tomer cells / Positive : oe 
43-852 Sa S.J. | M | 65 Abdominal malign. thatibe ~ | No tumor cells — niet ' Negative ae 4 
44-892 a P.M. M o = | Abdominal malign. ir eislen | No tumor cells a eC Negative ee 
45-745 4 B.W. me te 63 Gi. malignancy | No tumor cells oo ae Negative wae 
46-558 4 P.W.  M a 66 Abd. pan iieclintinate. | Serosal cells _ | Negative 





tute for either cell block or smear but a valua- 
ble adjunct to our diagnostic armamentarium. 


GROUP 2—THE GRANULOMAS 


CasE 18-144. This 41 year old female’s clinical 
history, physical examination, and x-ray findings 
were misleading, suggesting metastatic cancer to the 
vertebrae. Cell block was negative for tumor cells. 
The cells seen were mostly lymphoid in type; there 
were some mesothelial cells and an occasional poly- 
morphonuclear cell. Papanicolaou smear was nega- 
tive for tumor cells. Immediately after inoculation 
the cells appeared to be mostly lymphocytes. On the 
second and third day giant cells began to form in 
great number, and these resembled those seen in tu- 
berculosis. They had peripheral, oval nuclei and a 
finely granular cytoplasmic center. Figures 10 and 
11 show similar cells seen in 2 other cases (Table V). 
Occasionally some of these cells contained phagocy- 
tized lymphocytes. The possibility of a tuberculous 
origin of the vertebral lesions was tentatively sug- 
gested by these findings. 

In reviewing the roentgenograms it was decided 
that they were compatible with tuberculosis though 
the vertebral destructions were atypical. The pa- 
tient died of spinal, tuberculous meningitis, and a 
pure culture of typical Koch bacilli was obtained 
from the spinal fluid. 

CASE 24-1143. This white male was treated else- 
where for abscessed jaw 114 years before admission. 
A few months later he developed fever and night 
sweats. He was then admitted for the first time to 
Temple University Hospital, and multiple bacteri- 
ologic, immunologic, and parasitologic studies were 


excluded. Cell block was negative for tumor cells, 
most of the cells being lymphocytes. A few erythro- 
cytes were seen. Smear studies were also negative. 
In tissue culture there was rapid foreign body giant 
cell formation. The lymphoid cells persisted and 
tended to clump together. It was suggested that this 
case might be one of Boeck’s sarcoid or of a tubercu- 
lous process. The persistence of the lymphoid cells 
and their clumping were disregarded at the time. 

Of interest was the fact that subsequently a lymph 
node biopsy specimen was diagnosed on section as 
atypical granuloma, but a second one was typical 
and found compatible with tuberculosis. The pa- 
tient responded well to diet therapy, transfusions, 
and streptomycin. He was discharged greatly im- 
proved, but was readmitted 4 months later with the 
same symptoms. He did not respond well to anti- 
biotic treatment. A bone marrow study at this time 
was negative. Cultures of atypical acid fast bacilli 
were isolated from the pleural fluid. Seven months 
after his first admission the patient had two vomiting 
spells at home and after the second one his wife noted 
that he was paralyzed on the right side. A postmor- 
tem examination revealed atypical granulomatous 
lesions in the heart, liver, and lymph nodes as well as 
generalized leukemic infiltration and intracerebral 
hemorrhage secondary thereto. 


GIANT CELL FORMATION IN TISSUE CULTURE 


In tissue culture of normal body fluids giant 
cells begin to form around the fourth day and 
are few in number. Giant cells containing 
many nuclei may also form around foreign ma- 


















































made. Brucellosis was considered at the time but terial such as cotton thread introduced inad- 
TABLE IV.— PERICARDIAL EFFUSIONS 
No. Pat. Sex Age Clinical diagnosis Pathologic diagnosis Pap. smear 
47-545 M.A. F 27 Malign. synovioma None sent None made 
48-736A S.G. M 60 Pulmonary ca.-t.b ? None sent None made 
49-552 W.B. F 32 Tuberculous pericard. oy Inflamm. excudate __ Suspicious 
Synovial effusion-Knee 
50-649 |McF. | M 39 | Collagenous dis. | Suppurative excudate Negative 


























TABLE III.—PERITONEAL EFFUSION (cont.) 
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Tissue culture diagnosis Outcome | Yr. Mo. Diagn. conf. Final diagnosis 

; nocarcinoma ? | Surgery-path. Adenocarcinoma ovarian 

nocarcinoma Died | 6 | Surgery-path. Bil. ovarian ca. 

picious-inflamm. Died 4 | Surgery-path. Adeno. ca. ovarian 

rcinoma — Died lr bP | Surgery-path. Prim. breast-met. 

“cinoma? 7 Died I | Liver biopsy 7 Hepatoma aes 
lign. lymphoma —* —: Died | 5 Unconfirmed Gastric ca.? or i od 
atisfactory ; | Died | 2 | Liver biopsy | G.i. malign.-met. _ 

'. fibroblast. prot. Alive 5 4 | Clinical = | Portal cirrhosis 





rtently in the cultures. In body fluids pro- 
ced by chemical or physical irritation giant 
ls appear on the second or third day and 
numerous and no known factor has as yet 
en found to inhibit their formation. In ki- 
tic pathology giant cells of the foreign body 
pe do not form so readily as is seen in Table 
column 6. In the effusions they were found 
large number in 4 out of 50 cases only, and 
3 of these cases granulomatous lesions were 
ved to be present. In 1 of these typical 
ch bacilli were isolated; in 1 no definite 
gnosis was ever established; and in 2 cases 
pical acid fast bacilli were isolated, 1 of 
se cases being the last one under considera- 
ion. This case can, therefore, be classed in 
up 2 with the granulomas but also with 
up 3, the lymphomas, which are next to be 
isidered. 


GROUP 3—THE LYMPHOMAS 


CASE 22-926. This white male’s main complaint 
s dyspnea of 2 months’ duration. He had had 
lcurisy” 1 year previously. There had been no 
ight loss or pain. A left hemothorax was found on 
imission. Bone marrow studies were inconclusive. 
‘cll block revealed numerous lymphocytes and no 
mor cells. Smear studies were negative for tumor 
clls. In tissue culture there was clumping of the 
\mphoid cells and mitoses were seen in some of the 
irger cells. Time lapse photography showed innum- 


erable cells which had a corkscrew movement and 
this particular type of movement was never seen in 
any of the movies of lymphoid cells of the other 
groups. 

Rich, Wintrobe, and Lewis have shown that the 
immature white blood cells which have this move- 
ment are myeloblasts. De Bruyn has confirmed 
these observations. The kinetics of these cells places 
it in the group of the malignant lymphomas. The 
patient responded dramatically to x-ray treatment. 
He died later but no postmortem examination was 
made. 


Multiple cell mitoses, type of movement, 
and persistence of lymphoid cells with clump- 
ing were the predominant features of the tissue 
cultures of cells from this group. In the cul- 
ture of normal leucocytes, polymorphonuclear 
cells are seen to disappear within 24 to 48 
hours and lymphocytes to disappear or trans- 
form themselves within 3 to 4 days. Clumping 
is rarely seen and mitosis in a lymphocyte has 
not been observed in normal cells. While this 
group is small the rather consistent, but differ- 
ent from normal, behavior of the leucocytes 
and that of any of the other groups warrants 
further study especially by time lapse photog- 
raphy. 


GROUP 4—THE INFLAMMATORY CONDITIONS 


CASE 31-1185. This 29 year old white female de- 
veloped chest pain in the right side accompanied by 


TABLE IV.—PERICARDIAL EFFUSIONS (cont.) 
































Tissue culture diagnosis Outcome | Yr. Mo. Diagn. conf. Final diagnosis 
Many tusmar colle ma Died 10 days | Postmortem ee Mal. synovioma met. eV > we 
Many tumor cells : Died ? | Pleural biopsy Und. pulm. ca. oe lee 
Lymphoblastoma _ Died tt | Unconfirmed : oe) fae PEE +5) 
Ulcerative colitis 
Profuse fibrobl. prol. 7 __| Alive i 5 enn | Surgery ner | Synovitis-lues.. 











Fig. 9. 

Fig. 6. Case 17. Effusion cells fixed and stained after 
removal from patient. Note size and appearance. P.LS., 
X430. 

Fig. 7. Effusion cells in culture, 24 hours after inocula- 
tion, unfixed and unstained. X89. 


chill 2 weeks before admission. Roentgenograms 
showed consolidation of the left upper lobe. The ef- 
fusion was bloody but not rusty. Cell block was 
negative and the smear was unsatisfactory. In tissue 
culture there was no giant cell formation, there were 
no tumor cells, and there was very little cellular ac- 
tivity. Occasional fibroblasts were seen. Tubercu- 
losis, malignant disease, and an acute inflammatory 
process were considered unlikely possibilities, though, 
as experience with this method was and still is lim- 
ited, tissue culture diagnoses were offered only as 
suggestions and not as conclusive evidence. 

The patient was discharged 10 days later and has 
been well to date, 5 years and 2 months later. 


Entirely different are the 2 following cases 
which will be reported because of their un- 
usual interest. 


CASE 34-680. This 27 year old white male was a 
veteran of World War II and served in Burma. He 
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Fig. 11. 

Fig. 8. Stained culture 4 days after inoculation. Cells 
are much larger than those in Figure 6, the uncultured cells. 
Fig. 9. Primary ovarian carcinoma. Note similarity to 
cells of culture, Figure 8, and difference between these and 
ulcultured effusion cells. 

Fig. to. Case 19. Foreign body type of giant cells seen 
in cultures of effusion cells associated with granulomatous 
lesions (except Boeck’s sarcoid). P.I.S., 417. 

Fig. 11. Case 37. Same as Figure tro. 


complained of pain in the right lumbar region while 
on duty. Ankle edema was present then and at the 
time of admission 1 year later. There were bilateral 
varicosities and obstruction of the inferior vena cava 
was demonstrated at Temple University Hospital by 
venogram. The right pleural effusion was studied for 
parasites but revealed mostly mesothelial cells and 
histiocytes. Cell block showed the same type of cells 
as did the smear. Tissue cultures were made of the 
effusion at 1 month interval. In both instances the 
cells behaved identically. There was rapid prolifera- 
tion of fibroblasts which was profuse within 24 hours. 
In 4 days several sheets had formed. Proteolysis oc- 
curred then and the normal fibroblasts retracted 
upon themselves producing so to speak an in vitro 
adhesion. A similar phenomenon occurred in the tis- 
sue culture of the peritoneal fluid of the second cases 
as is seen in Figures 13, 14, and 15. 

A liver biopsy showed the presence of a degenera- 
tive disease with attempt at fibrous repair. On post- 
mortem examination the vena caval obstruction was 
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Fig. 12. Case 46. Mesothelial cells in fluid medium im- 
ediately after removal from patient. X 89. 

Fig. 13. Same as Figure 12, but 3 days after inoculation. 
\toplasm is spread out thinly over large area. P.I.S., X80. 
Fig. 14. Same as Figure 13, but after proteolysis. With 
ss of fibrin support cells contract upon themselves form- 
g an in vitro adhesion. P.I.S., X80. 

Vig. 15. Case 41. Peritoneal effusion. Fibroblasts grow- 
g around necrotized leucocytes, imitating in vitro the 
rmation of a chronic abscess. 


mfirmed and a diagnosis of Chiari’s syndrome was 
1ade (a condition of unknown etiology, seen in pa- 
ents between the ages of 20 and 4o years old and 
sroducing intimal proliferation in the hepatic veins). 
CASE 46-558 (see Table III). A white 66 year old 
iale who had an 8 years’ history of portal cirrhosis 
nd latent lues for which he had been treated else- 
here. Two weeks before admission he developed 
nkle edema. The heart and chest were normal but 
he liver was enlarged at the time of admission. On 
cell block most of the cells were found to be meso- 
ihelial though a few histiocytes were present. In 
\issue culture there was a rapid proliferation of nor- 
mal fibroblasts with concomitant disappearance of 
mesothelial cells. Proteolysis occurred as in the pre- 
vious case, and the change of appearance in the cells 
is illustrated in Figures 13, 14, and 15. 
To date, 5 years later, the patient is still alive and 
in about the same condition. 


Lewis, Cunningham, Strangeways, Erd- 
mann, and many other tissue culturists have 
shown that grown over a long period of time 
most mixed cell cultures eventually become 


overgrown with fibroblasts. Or in the short 
period in which these observations were made 
this never became a problem. It seemed to 
follow that profuse fibroblastic proliferation in 
a short time as it was observed in the last 2 
cases was of significance though it could not be 
interpreted at the time. More and more one 
became aware that the underlying cause of the 
pathologic condition in vivo is in some way 
reflected in the cellular growth pattern in tis- 
sue culture. 


PERITONEAL EFFUSIONS (TABLE III) 


Case 41-1155 is the peritoneal effusion of the 
1g year old girl with primary carcinoma of the 
ovary. Tumor cells did not grow but there 
were many polymorphonuclear cells and some 
clearer, larger cells which were not identified. 
The interest of this culture is illustrated by 
Figure 16 in which the fibroblasts are seen to 














TABLE V.—CELL TYPES 
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Leucocytes 









































































































































































































































































































































No, Mes. Fibroblasts Giant cells Tumor cells 
nonmalignant 
Granulo. | Lympho. | Mono. 
I to o | t }o 0 o | ° | o (ol hl | o 6 © : 2 4 
2 Unsatisfactory—mostly erythrocytes 
3 o 6 © | t | | . | oo fr °° 6 © ; 2 & 
4 tr | tr | | ° | © 0 Oo ° 0 Oo S$ Je Deux 
5 tj 2 © Ft f «© | t | t | © o i 6 6 © e 
6 jo o o |t ¢ t | ee oo fr qe g* 3 
° 0 Oo lt to tes | tr | © 0 Oo oo 6ff ' * © 
8 oo 0 : a ee Sat ie | | o £ ¢% | o t {xfm , 2 4 
9 ° °o 0 2 ¢ - | o t t | ° °o Oo tt 
10 °o © © S 2 | | o 6«€od€Utr | ° °o Oo S$ f& ff 
II 6 © © it t t | o £ | © 0 Oo ' & & 
12 Unsatisfactory 
13 + t - |amtm? [ft i | © a | 6 96 <o ; 
14 , m& «6 tm t | t ° 0 0 0 | ° 0 Oo $ Yeu 
15 © 0 Oo | tr o o | o oOo © | tx o kk | ° 0 Oo to txxxx 
16 fr o o | tr o o | ° 0 °o | t - t tr | ° 0 Oo t tx 
17 ° 0 Oo ge ££ f o tx tx | o o 3fm Ix }* 
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23 im to | tclumps | oo 6 | ° 0 Oo $ dt te 
24 tr o o | tclumps ie ° tx iS ae + & T 
BS. e020 0 TE Se oe: A Bs | | o..0 a 2.6 © .. = 
26 _tclumps |_tclumps | Plasma cells present—disappeared after 6 days 
a ae ee ee: tr ere is |e eo. © 6 a oo o a 
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30 : | tr. clump. | o Ff % 0. 6. 6 ° 0 Oo 
31 Tt oe | tm o oo 6 ° 0 Oo ° 0 Oo 
32 Few cells—no activity—patient received large doses of penicillin 
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Key: tf present but not active, ¢ active, {x active and increasing in number, * mitoses seen, fm-foreign material, r-rare, m-many 

















Fig. 16. 
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Fig. 17. 


Fig. 16. Case 11. Stained smear of effusion cells, carcinoma. P.I.S., 545. 
Fig. 17. In tissue culture pavementous arrangement of cells and growth pattern 
is disclosed. Squamous cell carcinoma. P.I.S., *545. 


roliferate around the necrotized cells mimick- 
g in tissue culture the formation of a chronic 
)scess in vivo. 
It would be repetitious to review more cases 
r give more detail. Nevertheless, it must be 
mphasized that the study of each case was 
ivaluable, adding in one way or another to 
our knowledge of the minutiae of cellular be- 
avior of pathologic human body fluids in tis- 
ie culture. 


DISCUSSION AND SUMMARY 


Serous effusions have been studied by oth- 
crs, mainly Cunningham, Weitzmann, Ivers 
and Pomerat, Pomerat, Nowininski and Rose, 
Coman, Wagoner and Custer, and others. 
Some have indicated the trends of the tissue 
culture patterns but there have never been 
correlations with follow-up over any length of 
time. There are reasons for the paucity of such 
studies. From private communications it ap- 
pears that the main difficulty and obstacle to 
such a study is the co-ordination of the dif- 
ferent departments and individuals involved. 
The patient must have the fluid removed be- 
fore treatment is started and at a time con- 


venient to the clinician and suitable to the tis- 
sue culture laboratory. Our series, while not 
large, has been studied under uniform condi- 
tions. With this consideration in mind, how 
far has correlation between tissue growth pat- 
tern and the final diagnosis been found. 

In group 1, tumor cells were found to mimic 
normal cells in the cell block and smear, re- 
vealing their true malignant potentialities in 
tissue culture only. 

In group 2, it was found that rapid and mul- 
tiple foreign body giant cell formations were 
present in 4 cases, in 3 of which granulomatous 
lesions were found. The presence of these cells 
does not preclude the absence of other proc- 
esses as was seen in Case 24-1143 in which the 
patient died of an acute leukemia. 

In group 2, the malignant lymphomas, the 
cellular behavior was less characteristic except 
as revealed by time lapse photomicrography 
which in any group will either confirm or re- 
veal new phenomena. Persistence of lympho- 
cytes, clumping of these and mitoses seemed to 
be the predominant tendencies. Much more 
evidence will be needed though before we can 
use these as criteria. 
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In group 4, the inflammatory conditions, 
the most interesting findings were those of 
profuse fibroblastic proliferation within 24 
hours in a case of Chiari’s syndrome and he- 
patic cirrhosis, both cases in which the reac- 
tion in vivo to the unknown underlying cause 
is fibroblastic proliferation. 

In many instances, and I feel there are too 
few to express them in percentages, the cell 
pattern in tissue culture of the pleural effusion 
reflected in some way the pathologic process 
active in the human donors. Only when one 
follows these cases over a long period of time, 
correlating them with the clinical evolution of 
the disease and with the culture, reviewing all 
the material when the final diagnosis has been 
established, does the importance of the tissue 
culture method as applied to pathologic ma- 
terial reveal its true magnitude. Besides its 
practical value and aid in establishing a dif- 
ferential diagnosis, kinetic pathology is 
thought-provoking and stimulating, a mine of 
undreamed of scientific facts. 


CONCLUSIONS 

1. The presence of living, multiplying 
tumor cells has been demonstrated in tissue 
cultures of pleural effusions in which no tumor 
cells had been found by any other method. 

2. Tissue culture of human effusion cells re- 
flect in most instances the pathologic process 
active in their donors. 

3. Kinetic pathology, or tissue culture as 
applied to pathology, has been shown to be a 
valuable diagnostic tool and an adjunct to cell 
block and smear studies, but not a substitute 
for these. 

4. The conclusion arrived at in 1 would in- 
dicate that the term Meigs’ syndrome should 
be used only as originally specified by the ob- 
server of this phenomenon. 
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STUDY OF THE SUPPORTIVE STRUCTURES 


OF THE UTERUS BY LEVATOR MYOGRAPHY 


B. BERGLAS, M.D., and I. C. RUBIN, M.D., F.A.C.S., New York, New York 


ISTOLOGIC studies of the pelvic 
connective tissue by Berglas and 
Rubin have shown that there is 
no anatomic basis for assuming 
that the pelvic organs are supported by con- 
nective tissue structures. This alleged sup- 
porting function of the pelvic connective tis- 
sue was found, from a perusal of the pertinent 
literature, to be based on the following three 
concepts: the presence of bandlike condensa- 
tions of the pelvic connective tissue, their 
‘ixation to the pelvic walls, and their attach- 
ment to the pelvic viscera by sheathlike con- 
lensations, the so-called visceral fasciae. 
Blair Bell, Goff, Koster, and Ricci, Lisa, 
(hom, and Kron proved that sheathlike con- 
lensations around the pelvic organs do not 
xist in nulliparous women. Berglas and 
tubin furthermore have shown that liga- 
nentous condensations as such do not exist 
nd that fixation of the pelvic connective 
issue to the pelvic walls cannot be proved. 
In view of these facts it was felt that a 
1ew approach to the solution of the problem 
{ the supportive structures of the pelvic 
rgans was necessary. This we have found 
y resorting to x-ray visualization of the 
evator ani muscle in the living female. X- 
ray myography has enabled us to study the 
inatomy and physiology of the levator ani 
nuscle in the living subject, at rest and dur- 
ing action, and to investigate the relation of 
ihe pelvic diaphragm to the uterus. Clinical 
investigation was found to be important be- 
cause it was realized that postmortem loss of 
muscle tone alters the position of the muscu- 
lar pelvic floor at the outlet, thus changing 
the relationship of the pelvic organs to the 
muscular pelvic diaphragm. 
As the pelvic cavity is a direct continuation 
of the abdominal cavity, it is subject to the 
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changes in intra-abdominal pressure. The 
latter is regulated chiefly by the muscular 
walls which enclose the abdominal cavity and 
maintain the normal location of the viscera 
contained therein. 

The muscular pelvic floor is an intrinsic 
part of the physiologic complex of muscles of 
the abdominal walls. It consists of a number 
of muscular structures which close the pelvic 
outlet, with an aperture pierced by the rec- 
tum, vagina, and urethra. The most im- 
portant of these muscles is the levator ani 
muscle, which together with the coccygeus 
muscle forms the pelvic diaphragm. 

The coccygeus muscle consists of muscular 
and tendinous fibers which cover the pelvic 
surface of the sacrospinous ligament. It par- 
ticipates in the formation of the pelvic floor. 

According to Gray’s description, the levator 
ani is a broad muscle which is attached to 
the inner surface of the side of the true pelvis; 
it unites with the muscle of the opposite side 
to form the diaphragm of the pelvic outlet. 
The muscle arises from the pelvic wall in an 
arcuate line which begins in front, lateral to 
the symphysis, from the inner surface of the 
pubic bone; it then runs posteriorly along 
the tendinous arch of the obturator fascia 
and reaches the ischial spine. The fibers go 
from their site of origin to the middle line of 
the pelvic floor and unite with the muscle of 
the opposite side in the anococcygeal raphe 
which extends between the coccyx and the 
posterior circumference of the anus. The 
most posterior fibers are inserted into the 
last two segments of the coccyx. According 
to the points of origin and in analogy to its 
phylogenetic derivation, the levator ani may 
be divided into the pubococcygeal and ileo- 
coccygeal portions. Between the coccyx and 
the anus, the muscles of each side come to- 
gether and form a firm muscular plate. In 
the formation of this plate the puborectal 
muscle also participates; its fibers arise lat- 
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eral to the symphysis and meet with the cor- 
responding fibers of the opposite side around 
the lower part of the rectum. 

The levator ani muscles of both sides con- 
stitute a structural and functional entity 
which is composed of a plate filling the space 
between the coccyx and the anal portion of 
the rectum, and two crura forming the bound- 
aries of the levator hiatus which is pierced 
by the urethra, vagina, and rectum. The 
designation of levator plate and levator crura 
suggested by Tandler is very helpful in the 
physiologic study of the pelvic diaphragm. 

Originally, the levator ani muscle was con- 
sidered as the elevator of the rectum and 
anus, having special importance during defe- 
cation. Tandler, Dickinson, and Paramore 
regarded the muscular pelvic diaphragm as 
the real supporting structure of the pelvic 
viscera. Due to the physiologic properties of 
striated muscles, the levator ani manifests a 
tonic contraction which is continuous al- 
though it varies under different conditions. 
The muscle is furthermore able to contract in 
response to nervous stimuli, accommodating 
itself to the changes in intra-abdominal and 
intrapelvic pressure. This assures an ade- 
quate co-ordination between the action of 
the pelvic diaphragm and the musculature of 
the abdominal wall. 

In the erect position, the pelvic aperture is 
situated in the lowest part of the pelvic cav- 
ity. In the anatomic literature, it is generally 
found that the pelvic viscera are situated to 
a considerable extent over the pelvic aper- 
ture. This relation of the pelvic viscera to 
the pelvic diaphragm and to the pelvic aper- 
ture is true in the cadaver. Here, owing to 
postmortem loss of tone, descent of the mus- 
cular floor results in increased obliquity of its 
plane, leading to a funnel-shaped configura- 
tion of the pelvic diaphragm. The obliquity 
of the levator plate brings about an increase 
of the anteroposterior diameter of the levator 
hiatus, thus projecting the pelvic viscera into 
the plane of the hiatus. These findings in the 
cadaver have been generally accepted as true 
anatomic relations in the living female. They 
may be seen in the excellent book by Crossen 
and Crossen, for example, in the diagram 
representing “‘a typical woman in the erect 
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posture.” In this schematic representation, 
the pelvic aperture is located where it is di- 
rectly exposed to the effect of the intra-ab- 
dominal pressure exerted upon the overlying 
viscera. 

Authors who attempted to describe and 
explain the supporting mechanism of the leva- 
tor ani muscle focused their attention on the 
closure of the aperture in the pelvic floor. 
This closure was supposed to be effected by 
the pubococcygeal and puborectal muscles 
surrounding the hiatus of the levator ani 
muscle. When these muscles contract, they 
are said to shorten lengthwise and to become 
thicker in width, thus diminishing the pelvic 
floor aperture transversely and considerably 
reducing the anteroposterior diameter. The 
simultaneous effect on the visceral canals has 
been ascribed to a compression from behind 
forward, resulting in their occlusion. 

Because of the action of the puborectalis 
on the rectum, Holl has designated the pubo- 
rectalis as the true sphincter of the rectum. 
Its action on the vagina is similar, resulting 
in approximating the posterior vaginal wall 
to the anterior wall. The pubococcygeal and 
puborectal muscles are said to act as a 
sphincter mechanism to close the aperture of 
the pelvic diaphragm while compressing the 
vagina and the rectum. Goff designated the 
pubococcygeal and puborectal muscles, from 
the viewpoint of the gynecologist and obste- 
trician, as “the most important segments 
structurally and functionally.”’ According to 
Goff, the posterior portion of the levator ani 
muscle, the iliococcygeus, “‘is relatively un- 
important as in woman its function is mere- 
ly to bend the coccyx forward and to assist 
feebly the anterior portion of the muscle in 
its function.” According to Curtis, Anson, 
and Ashley, “the pubococcygeal muscle is, 
obstetrically and surgically, the most im- 
portant muscular element of the pelvic dia- 
phragm, since it serves as a direct support for 
the bladder and urethra, for the vagina and 
uterus, and for the rectum.... The iliococ- 
cygeus completes the diaphragm at the sides 
and behind, but does not come into contact 
with the viscera.” 

The contraction of the pubococcygeal and 
puborectal muscles can be observed in the 

















living female; this observation of a narrow- 
ing of the hiatus, however, does not prove 
that it is sufficient to prevent prolapse of the 
pelvic organs, as this narrowing is but a 
minor manifestation of the physiologic ac- 
tion of the levator ani muscle. Furthermore, 
the generally accepted description of the 
pelvic viscera as situated over the aperture 
f the pelvic diaphragm is not applicable to 
‘he living female with intact pelvic floor. 
To determine the relationship of the uterus 
o the levator ani muscle, study of the anat- 
»my and the function of the levator ani mus- 
le was undertaken in the living subject by 
he method of x-ray myography. A contrast 
nedium was prepared containing half the 
isual amount of x-ray opaque substance con- 
ained in rayopake and without polyviny] al- 
ohol or any other thickening substance. The 
iydrogen ion concentration of the product 
vas 7.2. This substance was found to be 
iarmless to the tissues and practically pain- 
‘ss during and after injection. The contrast 
iedium was found to be eliminated by the 
idneys within 2 hours. 


TECHNIQUE 


The levator ani plate and the levator crura 
an be easily palpated per vaginam or rec- 
um. The injection of the contrast medium 
or the purpose of visualization of the levator 
‘ni muscle was carried out as follows: With 
ihe patient on the examining table in lithot- 
my position, the levator crura on either side 
vere palpated per vaginam. Under guidance 
of the palpating finger, a 21 gauge needle 114 
inches long, was inserted through the lateral 
vaginal wall into the levator crus, and 5 
cubic centimeters of the x-ray opaque sub- 
stance injected on either side. Then the leva- 
tor plate was palpated per rectum and its 
location determined. The needle was intro- 
duced into the levator plate in the midline 
and midway between the tip of the coccyx 
and the posterior circumference of the anus, 
and to cubic centimeters of the opaque sub- 
stance injected into the levator plate. The 
distribution of the substance within the mus- 
cle took place during the 5 to ro minutes re- 
quired to change the position of the patient 
for roentgenologic study. The distribution of 
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the x-ray opaque medium was facilitated by 
gentle massage of the levator ani muscle fol- 
lowing its injection. 

Seventy-three patients were investigated 
and in every case this technique made it pos- 
sible to locate the crura and the plate of the 
levator ani muscle and to leave a deposit of 
the x-ray opaque substance in the muscle. 

In order to identify the location of the 
opaque substance within the muscle and to 
correlate the myograms with the actual ana- 
tomic structures, preliminary cadaver exam- 
inations were made. Methylene blue was 
added to the opaque substance, and the in- 
jections were carried out according to the 
technique described. Roentgenograms were 
taken followed by anatomic dissection expos- 
ing the pelvic and perineal surfaces of the 
levator ani muscle. These dissections proved 
conclusively that the injected material was 
confined within the substance of the levator 
ani muscle, giving typical roentgenograms. 
It is noteworthy that owing to loss of muscle 
tone, the palpatory location of the levator 
ani muscle was more difficult in the cadaver 
than in the living subject in whom the mus- 
cle can be readily located. 

The best roentgenographic view of the le- 
vator ani muscle situated within the pelvic 
outlet was obtained by utilization of Thoms’ 
method for inlet pelvimetry. The patient 
was placed in a semirecumbent position; with 
the superior strait of the pelvis as nearly as 
possible in the horizontal plane, the pelvic 
outlet was clearly visualized. In this way the 
first myograms of the levator ani in the liv- 
ing subject were obtained. The relationships 
of vagina, uterus, and rectum to the pelvic 
diaphragm were studied chiefly by lateral 
and also by anteroposterior roentgenograms. 
In the former, the patient was usually in the 
standing position, occasionally in the recum- 
bent position. The x-ray tube was placed so 
that the central beam passed through the 
area between the trochanter and the coccyx. 
The position of the levator plate was best 
seen in the lateral view of the pelvis. The 
vagina was visualized by filling it with 5 cubic 
centimeter barium suspension or by insuffla- 
tion with barium powder. The rectum was 
similarly filled by barium suspension. The 
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Fig. 1a. Lc, levator crura; Lh, levator hiatus; Lp, levator 
plate. 


smallest possible amounts of contrast medium 
were used in order to avoid distention and 
distortion of vagina and rectum, with possible 
overlapping of their roentgenographic shad- 
ows. The uterus was visualized by insertion 
of a metal stem-pessary into the uterine cav- 
ity. In the majority of the anteroposterior 


Fig. 2a. Lp, levator plate; R, rectum; V, vagina. 


Fig. tb. Lc, levator crura; Lh, levator hiatus; L/, levator 
plate. 


roentgenograms, the stereoscopic method was 
utilized. The roentgenograms were taken 
first with the patient at rest and then while 
she bore down, in order to demonstrate the 
effect produced by increased intra-abdominal 
pressure on the uterus and on the pelvic dia- 
phragm. 


Fig. 2b. Lp, levator plate; R, rectum; V, vagina. 











BERGLAS, RUBIN: SUPPORTIVE STRUCTURES OF UTERUS 


ig. 3a. Zs, ischial spine; Lp, levator plate; U, uterus; 
vagina. 


DESCRIPTION OF ROENTGENOGRAMS 
Roentgenographic findings in patients with 


rmal situs of pelvic organs and intact levator 
‘1 muscle. Figure 1a shows the antero- 


isterior view of the levator ani muscle of a 
lliparous female, 28 years of age (P.B. 


7292'). This roentgenogram shows an in- 
ct levator plate and crura and the normal 
vator hiatus. The filling defect which is 
(he number in parenthesis after each case refers to the serial 


iber of the Department of Radiology of the Mount Sinai 
pital. 


Fig. 4a. Lp, levator plate; U, uterus; V, vagina. 


Fig. 3b. Cx, cervix uteri; Lp, levator plate; U, uterus; 
V, vagina. 


noted in the right crus is due to incomplete 
distribution of the contrast medium. This 
picture was taken while the patient was kept 
at complete rest. 

Figure 1b is a myogram taken while the 
same patient was instructed to bear down as 
during defecation, using her maximal effort, 
the object being to observe the effect of the 
contraction of the levator ani muscle on the 
size of the levator hiatus during straining. 
Stereoscopic measurements of the length and 


Fig. 4b. Lp, levator plate; U, uterus; V, vagina. 
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Fig. 5a. Lp, levator plate; R, rectum; U, uterus; V, 
vagina. 


width of the hiatus showed that the levator 
ani muscle responded to the increased intra- 
abdominal pressure with a contraction which 
resulted in a shortening of both the longi- 


tudinal and transverse diameters of the hia- 
tus, by 0.5 centimeter each. Due to the con- 


Lp, levator plate; R, rectum; U, uterus; V, vagina. 


Fig. 5b. Lp, indicates levator plate; R, rectum; and U, 
uterus. 


traction of the puborectal portion of the le- 
vator ani muscle, the posterior circumference 
of the hiatus appears more rounded, changing 
the V-shape of the hiatus at rest, to a U- 
shape on straining. With this method of x-ray 
examination, an occlusion or even a consider- 
able diminution of the levator hiatus could 
not be demonstrated. 

Figure 2a shows a lateral view of a nulli- 
parous female, 37 years of age (C.D. 516329), 
in relaxed standing position. The myogram 
of the levator plate is clearly demonstrated; 
rectum and vagina have been visualized by 
filling these visceral canals with barium. The 
levator plate shows a slightly oblique course. 
Vagina and rectum are situated over the le- 
vator plate. The marker X designates the 
anterior margin of the levator plate; this 
margin forms the posterior circumference of 
the levator hiatus. At this point there is 
noticeable an anteroposterior narrowing of 
rectum and vagina, apparently due to a 
sphincter action of the levator muscle. The 
space between the distal part of vagina and 
rectum marks the site of the perineal body. 

Figure 2b shows a lateral view of the same 
patient in the act of straining. Here the le- 
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‘ig. 7a. Lc, levator crura; Lh, levator hiatus; Lp, Fig. 7b. Lc, levator crura; Lh, levator hiatus; Lp. 
itor plate. levator plate. 


tor plate assumes a more oblique course. rectum has disappeared. The effect of the in- 
ie distance between the rectum and the creased intra-abdominal pressure on the va- 
ator plate appears to be diminished. This gina can be observed; the vagina is flattened 
lue to the increased intra-abdominal pres- in its anteroposterior diameter and is forced 
e which forces the rectum against the le- against the rectum in the direction toward 
tor plate. The perineal curvature of the the coccyx and the levator plate. No tend- 


Fig. 8a. Le, levator crura; Lh, levator hiatus; Lp, Fig. 8b. Lc, levator crura; Lh, levator hiatus; Lf, 
levator plate. levator plate. 
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Fig. 9a. Lh, levator hiatus; Lp, levator plate; R, rectum; 
U, uterus; V, vagina. 


ency of descent of the vagina can be noted 
as there is no craniocaudad shift of the long 
axis of the vagina. 

Figure 3a represents a lateral view of a 
25 year old female (E.F. 514005) para 1, in 
recumbent posture and at rest. On clinical 
examination, the muscular pelvic floor was 
found to be in good condition, and the situs 
of the pelvic organs was normal. The vagina 
is filled with barium, and the position of the 
uterus is designated by the intrauterine metal 
stem-pessary. The myogram of the levator 
plate is clearly demonstrated. The long axis 
of the vagina is almost horizontal and parallel 
to the levator plate; this is contrary to the 
steep oblique course of the long axis of the 
vagina commonly presented in the anatomic 
and gynecologic textbooks. Vagina and uterus 
are situated over the levator plate and not 
upon the plane of the genital hiatus. The 
cervix is located on a level with the ischial 
spines and about 1.5 to 2 centimeters behind 
the transverse pelvic diameter connecting the 
ischial spines. 

Figure 3b shows the same patient, on strain- 
ing. The levator plate shows a more oblique 
course, and it can be observed how the in- 
creased intra-abdominal pressure has forced 
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Fig. gb. Js, ischial spine; Lp, levator plate; R, rectum; 
U, uterus; V, vagina. 


the uterus against the levator plate. With 
the cervix impinging upon the posterior part 
of the levator plate, it can be seen that the 
effect of the intra-abdominal pressure on the 
uterus is directed posteriorly toward the sac- 
rum, and not in the direction of the genital 
hiatus. 

Figure 4a represents a lateral view of a 49 
year old para 2 (L.J. 515555), with a normal 
situs of the genital organs and good muscular 
floor as found on clinical examination. This 
roentgenogram is taken while the patient was 
in the relaxed standing position. The vagina 
is visualized by its barium content, and the 
uterus is marked by the metal stem-pessary. 
The myogram shows the levator plate almast 
horizontal, with a gentle curve upward near 
its fixation to the coccyx. Both the uterus 
and vagina are seen resting upon the levator 
plate with the cervix far from the levator 
hiatus. 

Figure 4b shows the same patient in stand- 
ing position, on straining. There is notice- 
able an increased obliquity of the levator 
plate and of the vagina, with these organs 
retaining their parallel course. The increased 
intra-abdominal pressure has pushed the 
uterus and vagina against the levator plate. 
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‘ig. toa. Cx, cervix uteri; Lp, levator plate; R, rectum; 
iterus; V, vagina. 


‘igure 5a represents a lateral view of a 
liparous female, 29 years of age (B.R. 
7780), in standing position and at rest. 
‘tum and vagina are visualized by their 
‘jum content; the position of the uterus is 
irked by the intrauterine metal stem-pes- 
y. The myogram of the levator plate ap- 
irs much thicker than in the previous cases. 
iis is due to the fact that the patient was 
inding with her transverse pelvic axis not 
rpendicular to the film cassette, thus ex- 
sing a greater area of the plane of the le- 
tor plate. It should be noted that the uterus 
displaced anteriorly by the filled ampulla 
the rectum. 
l‘igure 5b shows the same patient, on strain- 
+. It demonstrates clearly the effect of the 
iicreased intra-abdominal pressure on the 
sition of uterus, vagina, and rectum. Uter- 
us and vagina are forced backward against 
the rectum; in this roentgenogram the shad- 
ows of vagina and rectum appear merging 
with each other. The inclination of the le- 
vator plate is slightly increased, and rectum, 
vagina, and uterus are pushed against the 
levator plate. 
igure 6 shows a lateral view of a nulli- 
parous female, 39 years of age (H.R. 515374), 
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Fig. rob. Lp, indicates levator plate; R, rectum; and U, 
uterus. 


in standing position and at rest. The levator 
plate, vagina, and uterus have been visual- 
ized by their respective contrast media, as in 
the cases previously presented. This roent- 
genogram demonstrates the forward displace- 
ment of vagina and uterus by the rectum 
filled with scybala. 

Roentgenographic findings in patients with 
descent of pelvic organs and impaired function 
of levator ani muscle. Figure 7a presents an 
anteroposterior view of a levator myogram of 
a nulliparous female, 50 years of age (B.F. 
497377), with first degree prolapse of uterus 
and cul-de-sac hernia. This roentgenogram 
with the patient at rest shows the levator 
crura and the levator plate (the latter not 
completely visualized by the injected con- 
trast medium). A comparison with Figure 1a 
shows the widened levator hiatus, especially 
in its posterior portion. 

Figure 7b shows the reaction of the levator 
ani muscle to the increased intra-abdominal 
pressure while the patient was bearing down. 
The levator crura are seen to be pushed apart, 
markedly widening the hiatus. 

Figure 8a shows an anteroposterior view of 
a levator myogram of a 46 year old para 1. 
The patient (J.U. 526241), with prolapse of 
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Fig. r1a. Cx, cervix uteri; Lp, levator plate; R, rectum; 
U, uterus; V’, vagina. 


the rectum and second degree prolapse of the 
uterus, is at rest. The levator crura appear 
very thin, and the levator hiatus is wide. 

Figure 8b demonstrates the striking effect 
of straining on the levator ani muscle. The 
considerable increase in transverse diameter 
of the levator hiatus permits the conclusion 
that the function of this levator ani muscle is 
impaired, since it gives way to the increased 
intra-abdominal pressure. 

Figure ga shows a lateral view of a nulli- 
parous female 36 years of age (E.B. 515772), 
in standing position and at rest. The clinical 
diagnosis was relaxed pelvic floor; on clinical 
examination no descent of pelvic organs was 
noted. The vagina and rectum are visualized 
by the barium filling; the uterus, in first de- 
gree retroversion, is visualized by the intra- 
uterine metal stem-pessary. The myogram 
shows the levator plate in the horizontal 
plane, with almost no difference discernible 
on comparison with Figures 2a, 3a, 4a, 5a, 
which present an intact levator ani muscle; 
but the cervix and upper part of the vagina 
are over the levator hiatus and not over the 
levator plate as under normal conditions. 

Figure 9b shows the changes produced by 
straining on the position of uterus, vagina, 


Fig. 11b. Lp, indicates levator plate; R, rectum; and U, 
uterus. 


and rectum, and on their relation to the le- 
vator ani muscle. It confirms the clinical 
diagnosis of relaxed muscular pelvic floor. 
The intra-abdominal pressure pushes the rec- 
tum posteriorly toward the levator plate, as 
can be seen from the shortening of the antero- 
posterior diameter of the rectum. The uterus 
and vagina are forced backward against the 
rectum. It is noteworthy that the inclina- 
tion of the levator plate is considerably in- 
creased and that the uterus is situated over 
the hiatus and not over the levator plate as 
found when the levator ani muscle is intact. 
A descent of the cervix and of the vaginal 
fornix of 14 centimeters below the ischial 
spines is noted here, though not clinically 
recorded. With the changed position of the 
levator plate, the perineal curvature of the 
rectum is obliterated. 

Figure 10a represents a lateral view of a 
34 year old para 7 (A.M. 523893), in stand- 
ing position and at rest. The clinical diag- 
nosis was first degree prolapse of the uterus. 
The rectum and vagina are visualized by 
their barium content, and the retroverted 
uterus is shown by the intrauterine metal 
stem-pessary. The myogram shows a. hori- 
zontal levator plate with the rectum situated 
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"ig. 12a. Lp, levator plate; R, rectum; U, uterus; V, 
rina. 


er it, and the uterus situated over the an- 

‘jor portion of the levator plate, with the 

rvix at the level of the tip of the coccyx, 

entimeters below the level of the ischial 
ines. 

Figure 1ob shows the same patient, on 

‘aining. As a result of the increased intra- 

idominal pressure, the rectum and uterus 

e forced backward toward the sacrum and 

vainst the levator plate which shows a con- 
derably increased inclination. The cervix is 
ver the pelvic aperture and not over the le- 
ator plate. In conformity with the clinical 
‘iagnosis, the uterus shows a descent, with 
he cervix coming down to 1% centimeters 
vlow the tip of the coccyx. In this roent- 
cnogram the degree of retroversion is less 
vhile the retrodisplacement of the uterus, 
due to action of the intra-abdominal pres- 
sure, is more marked. 

Figure 11a shows a lateral view of a 58 
year old para 4 (G.L. 531898), at rest and in 
standing position. The clinical diagnosis was 
second degree prolapse of the uterus. Uterus, 
vagina, and rectum are visualized by their 
contrast media. The myogram shows a con- 
siderable inclination of the levator plate even 


Fig. 12b. L, indicates levator plate; R, rectum; and U, 
uterus. 


at rest, due to the action of the normal intra- 
abdominal pressure. The uterus is situated 
over the enlarged levator hiatus, and the 
cervix is 3 centimeters below the level of the 
tip of the coccyx. 

Figure 11b demonstrates the effect of in- 
creased abdominal pressure, due to straining, 
on the levator plate which here assumes an 
almost vertical position. A marked descent 
of the uterus is noticeable. 

Figure 12a shows the lateral view of an- 
other patient with a clinical diagnosis of sec- 
ond degree prolapse of the uterus (S.R. 
531285), 37 years of age, para 2. The pa- 
tient is at rest. The upper shadow of the 
levator myogram corresponds to a more lat- 
eral portion of the levator plate which gives 
it the appearance of being situated above the 
median part of the levator plate. The in- 
clination of the levator plate, even at rest, is 
considerable. 

Figure 12b demonstrates the vertical course 
of the levator plate and the descent of the 
uterus as an effect of the increased intra- 
abdominal pressure, due to straining. 

Figure 13a represents a lateral view of a 72 
year old para 2 (B.B. 525529) with third de- 
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Fig. 13a. Lp, indicates levator plate; R, rectum; and U, 
uterus. 


gree prolapse of the uterus, and rectocele; in 
standing position and at rest. The intra- 
uterine metal stem-pessary is situated far be- 
low the genital introitus. The myogram shows 
a vertical levator plate, even under normal 
intra-abdominal pressure, with the patient at 
rest. The rectum is parallel to the levator 
plate, and there is no perineal curvature of 
the rectum. 

Figure 13b is the anteroposterior view of 
the levator ani muscle of the same patient. 
It shows that the levator hiatus extends from 
the symphysis anteriorly to the plane of the 
coccyx posteriorly. This increase of the longi- 
tudinal diameter of the levator hiatus is the 
result of the vertical position of the levator 
plate as seen in Figure 13a. 


DISCUSSION 


The current study of the anatomic rela- 
tions between the female pelvic organs and 
the muscular pelvic floor has disclosed a dis- 
crepancy between the generally accepted con- 
cepts resulting from anatomic and clinical 
observations, and the conditions the present 
authors actually found in the living female. 
The explanation for this discrepancy is the 


Fig. 13b. Lc, levator crura; Lh, levator hiatus; La, 
levator plate. 


fact that knowledge of this relationship has 
been based mainly on studies of the cadaver. 
In the dead state, owing to loss of tone of the 
pelvic floor musculature, the conditions are 
altered so that they differ substantially from 
those in the living subject. 

In the present study, the levator ani mus- 
cle in the living female was visualized by 
means of x-ray myography. The new method 
made it possible to study the anatomic and 
functional properties of this muscle by direct 
observation, which had the merit of prevent- 
ing ‘erroneous conclusions based on cadaver 
observations. By injecting an x-ray opaque 
substance into the levator ani muscle, we 


were able to study the anatomy of this mus-’ 


cle and its reaction to the intra-abdominal 
pressure, under normal conditions and _ in 
cases of uterine prolapse. To our knowledge, 
this is the first attempt to visualize a muscle 
in the living subject by injecting an x-ray 
opaque substance into the muscle. 

If the x-ray opaque substance employed in 
myography can be improved biochemically 
with respect to its combination with the mus- 
cle fibers, x-ray myography may eventually 
demonstrate biologic properties of muscle, 
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and attain a significant place in the study of 
muscle physiology and muscle pathology. 
The substance here used was found to be of 
great value for the purpose of our study as it 
invariably produced characteristic myograms 
in identical clinical conditions, and thus en- 
abled us to trace the structural and functional 
changes of the levator ani muscle and its re- 
lation to the uterus, in normal cases and in 
varying degrees of prolapse. The conformity 
of the x-ray findings with the clinical findings 
independently recorded by the attending staff 
of the Mount Sinai Hospital has been almost 
constant. 

In considering the function of the levator 
ani muscle, it has been stressed by prac- 
tically all authors that the puborectal and 
pubococcygeal parts of the levator ani mus- 
cle, by their contraction, diminish both the 
transverse and longitudinal diameters of the 
levator hiatus. To this action has been as- 
cribed a very efficient sphincter mechanism 
which should close the pelvic floor aperture 
and prevent descent of the pelvic viscera sit- 
uated above it. Curtis, Anson, and Ashley 
call the pubococcygeal portion, the “‘visceral”’ 
part of the pelvic diaphragm “since it is by 
this muscle that the terminal portions of the 
visceral tubes are firmly clasped.” 

The roentgenograms obtained in the living 
female with anatomically and functionally 
intact levator ani muscle (Figs. 3a, 4a, 5a) 
show that at rest the levator plate has an 
almost horizontal course and that the uterus 
and vagina are situated over the levator plate 
and not over the levator hiatus. The cervix 
of the uterus lies upon the posterior part of 
the levator plate near its insertion into the 
coccygeal bone, and is separated from the 
levator plate by the posterior vaginal wall 
and the rectum. The vagina lies within the 
pelvis, almost parallel to the levator plate 
(Figs. 2a, 3a, 4a, 5a), similar to the course of 
the terminal part of the rectum. When the 
rectum is filled (Figs. 2a, 5a, 6), the uterus 
and vagina are forced forward, but the axis 
of the uterus remains poised over the levator 
plate. 

During straining, the pressure in the ab- 
dominopelvic cavity rises as an effect of the 
contraction of the abdominal muscular walls 
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Fig. 14. With the same length of the levator plate, its 
varying inclination determines extent of levator hiatus. 


and of simultaneous contraction of the pelvic 
floor musculature. Also during defecation, 
the pelvic floor musculature contracts simul- 
taneously with the contraction of the ab- 
dominal wall musculature; this is in accord- 
ance with the studies of Tilney and Pike who 
have shown that with the contraction of a 
muscle, a coincident contraction of its an- 
tagonist takes place. 

The muscle portions which constitute the 
pelvic diaphragm originate from the pelvic 
bones and from the obturator fascia, and are 
inserted into the coccyx and the anococcygeal 
raphe. With fixed attachments at both ends, 
resistance to the shortening during contrac- 
tion of the pelvic diaphragm results in in- 
creased tension of its muscle fibers. The con- 
traction of the pelvic diaphragm, which shows 
an almost isometric pattern, leads to in- 
creased strength rather than to shortening of 
its muscle fibers. This increased tension of 
the pelvic diaphragm results in its greater re- 
sistance to the abdominopelvic pressure. 

In conformity with this analysis of the 
physiology of the pelvic diaphragm, Figure 








690 SURGERY, GYNECOLOGY AND OBSTETRICS 


tb shows that during straining the shorten- 
ing of the longitudinal and transverse diam- 
eters of the levator hiatus is insignificant. 
The roentgenograms do not show an occlu- 
sion of the levator hiatus capable of prevent- 
ing a protrusion of the pelvic organs. 

Figures 2b, 3b, 4b, 5b show that during 
rise of intra-abdominal pressure, the visceral 
thrust from above in the pelvic cavity, is di- 
rected backward and downward, and pushes 
uterus, vagina, and rectum toward and against 
the levator plate, far behind the levator hia- 
tus. Thus it has been shown that, in the in- 
tact pelvic diaphragm, the pelvic floor aper- 
ture is out of reach of the effect of intra- 
abdominal pressure on the uterus, which is 
forced to a position over the posterior portion 
of the levator plate. 

The effect of the action of increased intra- 
abdominal pressure on the retroverted uterus 
is the same as when the uterus is in antever- 
sion. On straining, the retroverted uterus is 
also forced backward and downward against 
the posterior part of the levator plate, and 
away from the pelvic floor aperture. 

The force exerted on the levator plate by 
the rise of abdominopelvic pressure causes a 
slight depression of the levator plate, as can 
be seen from its slightly increased inclina- 
tion. 

It has been shown that the levator plate is 
that part of the pelvic diaphragm over which 
the uterus lies, and by which it is supported 
during rest and during increase of intra-ab- 
dominal pressure. However, this does not 
imply that the levator plate constitutes, ana- 
tomically or functionally, the only important 
part of the levator ani muscle. An adequate 
contraction of the levator plate, capable of 
resisting the downward thrust exerted by a 
rise of intra-abdominal pressure and capable 
of forming a firm muscular plate for support 
of the uterus, presupposes that all the at- 
tachments of the levator ani muscle are un- 
impaired and that the anatomic structure of 
the entire muscle is intact. Adequate func- 
tion of the levator plate further depends on 
the proper activity of the nervous system 
with which the levator ani muscle is directly 
connected and which assures proper co-ordina- 
tion in response to changes in intra-abdominal 


pressure. The levator plate can attain the 
necessary tension and strength only when the 
entire levator ani muscle is capable of con- 
tracting and functioning adequately. 

When the structural and functional in- 
tegrity of the levator ani muscle is impaired, 
the levator plate correspondingly loses its ca- 
pacity to contract adequately and also loses 
its power of resistance to the increased intra- 
abdominal pressure. This leads to an altered 
relationship of the uterus to the levator plate 
and creates conditions predisposing to pro- 
lapse of the uterus. 

As a result of birth injury, lacerations of 
the pubococcygeal and puborectal portions 
of the levator ani muscle have been re- 
peatedly described. They usually occur in 
the region of the origin of the muscle from 
the pubic bones and involve the part of the 
levator ani muscle bounding the levator hia- 
tus. In these cases, the attachments of the 
levator crura, instead of being near the sym- 
physis, become more lateral; or, if attached 
anteriorly, the muscle fibers are replaced by 
fibrous scar tissue. In patients with more ex- 
tensive laceration of pubococcygeal and pubo- 
rectal muscles, the detached portions may 
undergo atrophy. It has been held for a long 
time that muscle lacerations lead to widening 
of the transverse diameter of the pelvic floor 
aperture. This enlargement is increased by 
the force of the intra-abdominal pressure 
which pushes the levator crura apart. Owing 
to the loss of contractility due to intrapartum 
lacerations or to functional impairment some- 
times found in nulliparous females, the leva- 
tor crura yield to the increased intra-abdom- 
inal pressure (Figs. 7b, 8b). 

We have shown that increased intra-ab- 
dominal pressure forces the uterus backward 
against the levator plate and away from the 
hiatus. Under these circumstances, the trans- 
verse enlargement of the hiatus alone could 
hardly be a predisposing factor in the eti- 
ology of uterine prolapse. However, the ana- 
tomic or functional impairment of the levator 
crura changes the position of the levator 
plate within the pelvic outlet. Due to the 
weakened attachment of the levator ani mus- 
cle to the pubic bones, which under normal 
conditions is effected by the levator crura, 
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the levator plate loses its normal resilience 
and tends increasingly to sag downward. 

The study of the levator myograms has 
brought to light the fact that there is a def- 
inite correlation between the inclination of 
the levator plate and the degree of uterine 
prolapse. We have presented a case with the 
clinical diagnosis of relaxation of the mus- 
cular pelvic floor in a nullipara, and cases 
with uterine prolapse of varying degrees. In 
all the cases studied, the greater the degree 
of uterine prolapse, the greater was the in- 
clination of the levator plate. The diagram- 
matic presentation in Figure 14 shows that 
the increase of the inclination of the levator 
plate resuits in a corresponding increase of 
the longitudinal diameter of the pelvic hia- 
tus. Consequently the total area of the pelvic 
floor hiatus depends directly upon the degree 
of inclination of the levator plate. 

A changed anatomic relationship of the 
uterus to the inclined levator plate predis- 
poses to prolapse. When the levator ani mus- 
cle is intact, the entire uterus is situated over 
the levator plate and is supported by it. 
However, when the integrity of the levator 
ani muscle is impaired, the greater the in- 
clination of the levator plate, the smaller is 
the area of the uterus lying over it, whereas 
the larger portion of the uterus comes to 
overlie the plane of the levator hiatus. The 
degree of inclination of the levator plate de- 
termines both the length of the pelvic floor 
aperture and the resistance which the levator 
plate is able to exert against the thrust of the 
intra-abdominal pressure. Upon these de- 
pends the degree of descent of the uterus. 

In first degree prolapse of the uterus, the 
levator plate at rest has a horizontal course 
which favors the support of the uterus (Fig. 
ga). However on straining (Fig. gb), a con- 
siderable obliquity of the levator plate is 
shown; this causes some degree of downward 
sliding of the uterus along the inclined plane 
of the levator plate, resulting in a dropping 
of the uterus. Even at rest after the strain 
is over, the uterus fails to occupy its normal 
position over the posterior part of the leva- 
tor plate. 

In second degree prolapse of the uterus the 
levator plate shows, while at rest (Figs. 112, 
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12a), a considerable inclination, and the uter- 
us is situated over the enlarged pelvic floor 
aperture. On straining (Figs. 11b, 12b), with 
the loss of resistance to the intra-abdominal 
pressure, the levator plate assumes an al- 
most vertical course giving little support to 
the uterus. 

In third degree prolapse of the uterus (Fig. 
13a), while the patient is erect and at rest, 
the levator plate has a vertical course, thus 
failing to give any possible support to the 
uterus. In such cases the force of gravity 
which in normal individuals is of secondary 
importance is sufficient to produce prociden- 
tia of the uterus through the levator hiatus. 
In these circumstances, the longitudinal diam- 
eter of the hiatus is greater than the antero- 
posterior diameter of the pelvic outlet (Figs. 
13b, 14). The complete loss of support by 
the muscular pelvic floor accounts for the 
protruding mass between the legs complained 
of by the patients. Even more important is 
the fact that they are incapable of effecting 
the degree of intra-abdominal pressure ordi- 
narily associated with and necessary for body 
activities. 

In explanation of the etiology of the path- 
ologic inclination of the levator plate, it is 
necessary to recall that under normal condi- 
tions, the contraction of the pelvic diaphragm, 
owing to its bony attachments to the pelvic 
frame, results in increased tension of the mus- 
cle fibers and increased resistance to intra- 
abdominal pressure. After laceration of the 
pubococcygeal and puborectal muscles due 
to birth injury, the levator plate loses its 
anterior attachment to the pubic bones, which 
is normally mediated by the levator crura. 
The impaired muscular attachment leads to a 
weakened contractile capacity of the levator 
plate which lacks the adequate tension and 
strength to resist the visceral thrust from 
above. Under these circumstances, the leva- 
tor plate yields to the increased abdomino- 
pelvic pressure and is manifested anatomically 
by an increased inclination. The anatomic 
result is the same in actual structural impair- 
ment of the levator ani muscle as it is in dis- 
turbed conduction of nervous stimuli some- 
times encountered in uterine prolapse of a 
nullipara. 
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CONCLUSIONS 


The object of this study was to determine 
the anatomic and functional relationship of 
the uterus to the levator ani muscle in the 
living subject, under normal conditions and 
in cases of prolapse. 

It is emphasized that in the cadaver, ow- 
ing to the loss of tone of the muscular pelvic 
diaphragm, the anatomic relationship be- 
tween the uterus and the pelvic floor is 
markedly altered. 

A new method has been presented for the 
study of the anatomy and physiology of the 
levator ani muscle in the living female by 
the use of x-ray myography. 

Under normal conditions with intact mus- 
cular pelvic diaphragm, the levator plate has 
an almost horizontal course, and the uterus 
is situated over this structure. With in- 
creased intra-abdominal pressure, the uterus 
is forced against the levator plate which pro- 
vides it adequate support. 

In the defective muscular pelvic diaphragm, 
whether due to birth injury or to other struc- 
tural and functional impairment, the levator 
plate assumes an oblique or vertical position. 
This results in an altered relationship of the 
uterus to the levator plate and in an increase 
of the longitudinal diameter of the pelvic 
floor aperture. 

The increase of the transverse diameter of 
the hiatus is due to impairment of the leva- 
tor crura. 

The disturbed anatomic relationship of the 
uterus to the levator plate is chiefly responsi- 
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ble for the loss of the support normally given 
to the uterus by the levator plate. 
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DIAGNOSTIC AND THERAPEUTIC CONSIDERATIONS 
OF INTUSSUSCEPTION 


H. REICHARD KAHLE, M.D., F.A.C.S., and CLARENCE T. THOMPSON, M.D., 


New Orleans, Louisiana 


N THE period 1904 to 1952 inclusive, 159 
cases of intussusception in children under 
2 years of age were treated at Charity 
Hospital of Louisiana at New Orleans. 
One of us (H.R.K.) has previously reported 
142 of these cases. Eighty-eight, covering the 
period 1904 to 1938 inclusive, were recorded 
in 1941, in a total of 151 patients of all 
ages (5). There were 56 deaths, 63.7 per cent, 
in the 88 cases. Fifty-four cases, covering the 
period 1939 to 1949, were recorded in 1951 (6). 
There were 14 deaths, 25.9 per cent, in this 
group. 

In the 3 year period ending in 1952, 17 
children with this condition were treated at 
the New Orleans Charity Hospital, with 3 
deaths, 17.6 per cent. This reduction in mor- 
tality, as will be pointed out shortly, is actually 
more of an improvement than the bare figures 
might seem to indicate. 

For the most part our remarks will be based 
upon the 71 cases of intussusception treated 
between 1939 and 1952. For one thing, it is 
doubtful that the 88 cases recorded for the 
1904 to 1938 period included all the cases of 
this condition treated in the hospital in this 
age group. Over a considerable part of this 
period postmortem examinations were rela- 
tively infrequent, and some children undoubt- 
edly died of intussusception with no recogni- 
tion of the true cause of death. Since 1938, as 
in the later years of the first survey, it is un- 
likely that this happened in more than an 
occasional case. The second reason for con- 
centration on the more recent cases is the fact 
that the farther back one goes in the investi- 
gation of records in any hospital, the more un- 
reliable do they become. It was not until the 
Hospital Standardization Program of the 
American College of Surgeons was set up in 
1918 that improvement in record-keeping 
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really began. The records since 1938 still 
leave much to be desired, but for the most part 
they contain sufficient data for a critical re- 
view of the disease. 


GENERAL CONSIDERATIONS 


There are certain curious aspects of intus- 
susception for which no plausible explanations 
have ever been advanced. Among them are 
the regional distribution, the age and sex dis- 
tribution, the seasonal incidence, at least in 
some areas, and the almost complete absence 
of possible precipitating causes for a condition 
that is essentially mechanical. 

Intussusception is a relatively infrequent 
disease in the United States. The incidence at 
the New Orleans Charity Hospital, one of the 
three or four largest hospitals in the country, 
is probably typical of all hospitals in the 
United States. Only 152 cases (in 151 chil- 
dren) were observed on the children’s services 
of the Johns Hopkins Hospital between 1889 
and 1948 inclusive (13). On the other hand, 
the disease is several times as frequent in the 
Scandinavian countries, Australia, and Great 
Britain. In the 15 year period between 1935 
and 1949, 379 children with intussusception 
were admitted to one unit of the Royal Hospi- 
tal for Sick Children in Glasgow, and yearly 
admissions are between 50 and 60 cases (15). 
Whether the tendency of American women not 
to nurse their babies has anything to do with 
the low incidence in the United States, in con- 
trast to the custom in countries where intus- 
susception is more frequent, is purely specu- 
lative. 

This is predominantly a disease of infants 
and young children. Again the Charity Hos- 
pital figures are typical. Sixty-six of the 71 
cases in the two most recent series occurred 
during the first year of life, and 55 of the 66 
occurred between the third and eighth months 
inclusive. 
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The racial incidence in the three series of 
cases conforms roughly to the shifts in the 
hospital population. In the first series, when 
the ratio was approximately 55 white to 45 
negro admissions, there were 52 white and 36 
negro children with intussusception. Since 
then, the ratio of admissions has been almost 
completely reversed, and the 13 white and 41 
negro cases recorded in 1951, and the 7 white 
and 10 negro cases added at this time, reflect 
the changes in the admission ratio. The racial 
incidence is not mentioned in most reported 
series, though Ravitch and McCune (13) 
think that the figures from Johns Hopkins 
Hospital, where there is a large proportion of 
negro patients, suggest that the disease is 
somewhat less frequent in that race. 

The incidence is always higher in males 
than in females. In the combined 1951 and 
1953 Charity Hospital series there were 45 
males in the 71 cases, and in some reported 
series the discrepancy is as large as 2 to I. 

The seasonal incidence is sometimes, though 
not always, uneven. In the 1951 to 1953 com- 
bined Charity Hospital series 46 of the 71 
cases occurred in the April-October period, 
which is the warm to hot season in this cli- 
mate, while during the fall and winter season 
not more than 3 cases occurred in any single 
month. Hipsley has commented on a similar 
seasonal distribution of cases. Ravitch and 
McCune (13), who reported a sustained peak 
in their material between March and August 
inclusive, also noted a peak in December and 
January. The explanation which used to be 
advanced for the disproportionate number of 
cases during the summer, that this is the sea- 
son of epidemic diarrheal diseases, no longer 
holds. Furthermore, the precise relationship 
between such possible causes as gastroenteri- 
tis, constipation, diarrhea, and dietary indis- 
cretions has never been established. Diarrhea 
and constipation are quite as likely to be 
manifestations of intussusception as to cause 
it. 

In the combined series of 159 cases from the 
New Orleans Charity Hospital there were only 
5 in which an etiologic factor could be deter- 
mined. A neoplastic mass initiated the intus- 
susception in 1 instance and a Meckel’s diver- 
ticulum apparently initiated it in 4 others. 





This is about the proportion of causative fac- 
tors identified in any of the reported series of 
cases in young children. In older children and 
adults the etiology is frequently less obscure. 
The mere presence of a Meckel’s diverticulum 
does not indicate that it is causative. It was 
present in 1 additional case in the last series 
but had no connection at all with the invagi- 
nation. 

To complete these general remarks it might 
be stated that in the combined 159 cases, the 
great majority (100) of the invaginations 
were either ileocolic or ileocecal; the descrip- 
tion was too loosely stated in many cases to 
permit a more specific categorization. There 
were 4 instances of multiple intussusception, 3 
of compound intussusception, and 1 of retro- 
grade intussusception. There were also 3 
instances of recurrent intussusception. In the 
second series, the condition occurred 3 times 
in 4 years in different siblings of the same 
negro parents. This was the only instance of 
familial disease in the combined series. 


DIAGNOSTIC CONSIDERATIONS 


Clinical picture. It is hard to conceive of a 
disease in which the clinical picture is more 
often classical than it is in intussusception. It 
is a mystery, therefore, why treatment is so 
often delayed because of apparent uncertainty 
of diagnosis. The primary cause of death in 
most fatal cases is delay by the patient, or 
rather by his parents, and the next most fre- 
quent cause is delay by the physician who first 
sees him. 

In these cases from Charity Hospital, as in 
practically all other recorded series, the symp- 
toms and signs, and their chronology, were 


usually the same: A perfectly well child sud- . 


denly screamed, presumably with pain, as- 
sumed a posture suggestive of pain, and some- 
times placed his hands on the presumably 
painful area. Frequently he became intensely 
pale and broke out into profuse perspiration. 
Pain was followed by vomiting, which occa- 
sionally was the first symptom, and the stools 
were bloody. The temperature was normal or 
subnormal and remained at this level until a 
considerable time had passed. There was also 
no change in the pulse rate in the early stages 
of the illness. 
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An abdominal mass was present in the 
majority of the Charity Hospital cases, though 
in some instances it was apparent only after 
the child was under an anesthetic. It was 
variously located in the midline, the right and 
left upper and lower quadrants, and the para- 
umbilical and umbilical regions. It was fre- 
quently felt by rectum. It was usually de- 
scribed as sausage-shaped, often, we suspect, 
because the nomenclature has become habit- 
ual rather than because it really resembled a 
sausage. Emptiness of the right lower quad- 
rant (Dance’s sign) was observed only once. 

Diagnostic error. In view of the characteris- 
tic history and physical findings in intussus- 
ception, it is hard to understand why diagnosis 
should so often be delayed. The chief reason 
would seem to be a careless evaluation of the 
history of the illness. Lawrence and Ulfelder 
have performed a useful service in reminding 
their readers of Clubbe’s warning, “If you 
want to avoid falling into error, I advise you 
always to listen to the story of the mother 
when she comes to you with her baby.” It is 
true that the mother may not always mention 
pain as the first symptom, as might be ex- 
pected when the patient is an inarticulate in- 
fant, but if she is questioned closely, it is ex- 
ceptional if the circumstantial evidence is not 
elicited. More than one case in this combined 
series proves that if only the physician who 
first saw the child, whether in or out of the 
hospital, had been more searching in his ques- 
tioning of the parents or attendants, a fatality 
might have been avoided. 

It is only fair to add that in a public institu- 
tion such as the New Orleans Charity Hospi- 
tal, where the social level is often low and the 
level of intelligence often lower, observation 
of young children is sometimes casual, and re- 
plies to questions may be unresponsive. Even 
after all due allowance is made for their skill 
and experience one reason for the excellent re- 
sults reported by Ladd and his group (3, 7), is 
the inclusion of private patients in their series. 
On private services children are likely to be 
brought to medical attention earlier than chil- 
dren in large, underprivileged families, in 
which the mother is overworked, or perhaps 
works outside of the home, while the child is 
left to the casual care of others. 
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The abrupt onset of the symptoms and the 
usually excellent health of the children in 
whom the condition appears are as striking as 
they are typical. Another characteristic of 
intussusception, and one concerning which 
Clubbe also spoke out in warning, is intermit- 
tency of the symptoms and the normal or al- 
most normal appearance of the child between 
the attacks. In 3 cases in the first series from 
Charity Hospital, and in 1 case each in the 
second and the present series, children were at 
first refused admission because whatever 
symptoms they had presented had apparently 
subsided. In each case the diagnosis was gas- 
troenteritis. Ravitch and McCune (13) re- 
ported the same situation in 4 cases, all fatal, 
in the Johns Hopkins Hospital report cover- 
ing the 1939 to 1948 period. 

Another source of diagnostic error in intus- 
susception is failure to remember that though 
bloody stools are very frequent, the first stool, 
because it consists of fecal matter in the rec- 
tum, more often than not shows no evidence 
of abnormality. An allied source of error is 
failure to make a rectal examination, a pro- 
cedure which one might think would be almost 
automatic in acute abdominal disease in young 
children. Occasionally the intussusception 
protrudes at the rectum, or lies just within it, 
but much more often the abdominal mass can 
be felt by the examining finger, on which, 
typically, blood is often observed. 

Still another source of diagnostic error is 
too much concentration on the classical pic- 
ture and failure to remember that the picture 
changes as time passes. Intussusception is not 
a static disease. A child ill for only 3 or 4 
hours and a child ill for 72 hours naturally will 
not look alike or act alike. Prostration, for 
instance, is a late, not an early, manifestation. 
So is dehydration, which is always a grave 
prognostic sign. 

Adjunct diagnostic measures. The diagnosis 
of intussusception, as has already been indi- 
cated, is chiefly clinical. Adjunct measures 
are not necessary in most cases. This holds for 
both the usual laboratory studies and for 
roentgenologic examination. The first recog- 
nition of intussusception by x-ray examina- 
tion in the New Orleans Charity Hospital was 
in 1920 and was accidental. The patient, who 
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was not in the age group under discussion, was 
being examined for suspected urinary tract 
disease. The flat plate, however, is not a par- 
ticularly useful method in the early case, while 
in the late case it is not specific for intussus- 
ception. It was used in 9 of the 17 cases in the 
present series, but intussusception was men- 
tioned as a possible diagnosis, on the basis of 
the findings, in only 1 instance. 

The use of the barium enema is another 
matter, though Ladd and Gross (7), who have 
had the widest experience in intussusception 
in this country, do not regard it as necessary 
in the average case. In the 484 cases which 
they reported in 1941 they used this method 
only 25 times. 

Barium enema for the diagnosis of intus- 
susception was first used in 1929 at the New 
Orleans Charity Hospital. It was used 29 
times in the 71 cases in the last two series 
studied at this institution. The intussuscep- 
tion was demonstrated 28 times and was 
thought to be present in the remaining case. 
In only 1 instance, however, was this method 
useful diagnostically. In all the other cases 
the diagnosis was either made already or was 
so strongly suspected that operation had al- 
ready been decided upon. In the single case 
just mentioned, the history was somewhat ob- 
scure, no mass was palpable, and none could 
be demonstrated under anesthesia. An earlier 
barium enema had not been helpful, but when 
it was repeated, incomplete filling of the cecum 
was evident. When the abdomen was opened, 
the intussusception was already reduced, 
probably by means of the enema. More will 
be said shortly on the therapeutic possibilities 
of this method. 


METHODS OF THERAPY 


Spontaneous reduction. If one could be cer- 
tain that spontaneous reduction would always 
occur in intussusception, as it occasionally 
does, watchful waiting might be a justifiable 
policy. It is impossible to be certain, however, 
in which cases it will occur, and this method of 
treatment is therefore a gamble not worth 
taking. Even in the earliest of these three 
series it was never used deliberately. In the 
last two series, in which there was a total of 71 
cases, it occurred 7 times, though surgery, to 
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be certain that it had really happened, was 
carried out 6 times. This was a wise precau- 
tion, for in 2 cases the reduction was only par- 
tial. There were no deaths in these 7 cases, 
but it must be emphasized again that spontan- 
eous reduction is merely a happy accident, not 
a method of therapy, and that it must be 
checked by exploration in any case in which 
there is the slightest doubt of its completeness. 

Reduction by barium enema. Reduction of 
intussusception by barium enema is a thera- 
peutic technique about which argument still 
rages. To relate the Charity Hospital exper- 
ience first, it was not a deliberate policy in any 
of the 71 cases in the last two series, but it 
succeeded, nonetheless, in 6 cases, although 
the reduction was not always so well confirmed 
that exploration could be omitted. In 3 cases 
it was observed to occur in the course of the 
enema and continued freedom from symptoms 
under close observation justified the omission 
of surgery. Two children, in fact, who had 
been screaming and writhing in pain, fell 
asleep on the x-ray table. In 1 of the 3 explor- 
ations performed, the reduction was found to 
be only partial. In the other cases it was com- 
plete. In all 3 surgical cases the bowel ap- 
peared viable and healthy. Yet 1 child died 9 
hours after operation, and autopsy revealed 
gangrene of the affected segment, with peri- 
tonitis. Obviously, the evaluation of the 
bowel at operation had been incorrect, and 
the experience clearly indicates one of the 
principal risks of this method: If such an error 
can be made at operation, the chances of mak- 
ing it are far greater when the abdomen is not 
opened. Ravitch and his associates (12-14), 
who are the principal exponents of the method 
in this country, take the position that gan- 
grene is unlikely to occur until 12 hours have 
passed. They also believe, from experimental 
and clinical evidence, that it is not possible to 
reduce gangrenous bowel by the degree of hy- 
drostatic pressure employed when the barium 
enema is properly used. We should be unwill- 
ing to accept either of those assumptions, in 
spite of our respect for the results accom- 
plished by these observers. Their latest pro- 
posal (14), however, has a good deal of merit. 
It is that barium enema be performed rou- 
tinely in all patients with suspected intussus- 
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ception, and that it be followed by laparotomy 
through a McBurney incision, regardless of 
apparent results of the enema, to confirm or 
complete the reduction. 

Australian (11) and Scandinavian (9) phy- 
sicians have reported excellent results, for 
many years, with reduction of intussusception 
by hydrostatic pressure. The latest report 
from Johns Hopkins, by Ravitch and Morgan 
(14), concerns 57 cases treated by this method, 
with no deaths, and with 42 complete suc- 
cesses. In the other 15 cases reduction was 
completed surgically, usually through a Mc- 
Burney incision. Only 1 resection was per- 
formed, and it removed “eminently viable” 
bowel. One cannot ignore such results as 
these, nor, on the other hand, can one ignore 
such reports as that by Moore, of 14 failures 
in 16 attempts at reduction by this method. 

American surgeons, as Ravitch and his 
group (13, 14) complain, have been unsympa- 
thetic to the possibilities of this method. Ladd 
and Gross (7) have advanced one reason for 
this attitude (it is one that reflects no credit 
on us), that the time lag between onset of ill- 
ness and operation is far longer in America 
than it is in Australia and the Scandinavian 
countries, where barium enema reduction is 
widely used. They pointed out in 1941 that, in 
1909, patients in Australia were being hospital- 
ized more rapidly then than they were in 
America 30 years later, the respective time 
lags being 17 hours and 30 hours. Ravitch 
and Morgan (14) do not regard the time ele- 
ment as important, pointing out that some of 
their patients had been ill as long as 72 hours 
or more when this method was used. 

If deliberate reduction of the intussuscep- 
tion by barium enema is attempted, it should 
be attended with every precaution. In spite 
of Ravitch and Morgan’s (14) report, we be- 
lieve that it should be employed only in early 
cases, though the argument that it means a 
further loss of time before operation is spe- 
cious. The operating room can be prepared 
while the enema is being given, and such 
restorative measures as are indicated can be 
carried out at the same time. 

All manipulations should be extremely gen- 
tle. The hydrostatic pressure should not ordi- 
narily exceed 3 feet. No more than three at- 
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tempts at reduction should be made. If there 
is not conclusive evidence of success by this 
time, operation should be resorted to, as it 
should be in any case in which there is doubt 
that reduction has been complete. It is a wise 
plan, in fact, as Ravitch and Morgan suggest 
(14), to explore the abdomen in many cases in 
which there is no apparent reason to doubt 
that it is complete. 

In our opinion, the most important con- 
sideration in attempted reduction by barium 
enema is that the surgeon should share in the 
decision to undertake it. Ravitch and his 
group (13, 14) also emphasize this point. It is 
as unfair to the surgeon as it is to the child to 
call him in only after the method has failed 
and valuable time has been lost from the surgi- 
cal point of view. For that matter, the time to 
call the surgeon in any instance of intussus- 
ception is as soon as the condition is suspected. 

Surgical reduction. Two patients in the 
1953 series from the New Orleans Charity 
Hospital died almost immediately after they 
were admitted, before even a brief work-up 
could be completed. In 4 cases, as already 
noted, spontaneous reduction or reduction by 
barium enema had so clearly occurred that no 
surgery was done. In the remaining 65 cases 
the abdomen was opened, in 4 instances no 
other procedure other than exploration being 
required. 

Simple reduction was carried out in 40 
cases, 8 of which were fatal, and reduction 
combined with various other procedures was 
carried out in 14 cases, with 4 immediate and 2 
deferred deaths, 2 months and 4 years later. 
Fixation operations had been done in both 
these cases, and both deaths resulted from 
intestinal obstruction. The other procedures 
performed in addition to reduction included 
appendectomy in 4 cases; repairs of serosal 
tears in 3 cases; inversion of gangrenous areas 
on the cecum in 2 cases; exteriorization of sus- 
picious area on the cecum in 1 case; and resec- 
tion of Meckel’s diverticulum in 2 cases. In 
one of the latter cases both the diverticulum 
and the appendix were hemorrhagic and ap- 
pendectomy was performed also. In the other, 
the diverticulum was excised and its base was 
closed transversely. Death occurred on the 
fifth postoperative day, from intestinal ob- 
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struction caused by acute angulation of the 
bowel. 

Resection. Resection was required in 7 
cases, with 3 deaths. All 3 hemicolectomies 
were combined with ileotransverse colostomy, 
and cecostomy was also performed in 2 of the 
cases; both patients submitted to cecostomy 
died. There was 1 death in the 3 resections of 
the ileum, 2 of which were followed by ileo- 
transverse colostomy. The remaining patient 
in this group was submitted to wedge-shaped 
resection of a gangrenous area of the cecum. 

Anesthesia and incision. Neither anesthesia 
nor incision seems to have played any part in 
the outcome of any case in the three Charity 
Hospital series. Ether was the preferred agent 
in all three periods. Drop ether was frequent- 
ly used in the first series. In the two later ser- 
ies vinethene or ethylene induction was more 
popular. 

The right rectus incision was used in the 
majority of cases, usually with the center op- 
posite the level of the umbilicus, to provide 
for reduction of the last few inches of ileum, 
which may be difficult. The McBurney inci- 
sion is satisfactory for exploration of the ileo- 
cecal region, but it is usually wise to provide 
for better exposure if the invagination has 
been present for any length of time. The 
rather frequent use of the left rectus incision 
reflects the number of cases of long duration. 
For the last several years a transverse supra- 
umbilical incision has been used routinely on 
the Tulane School of Medicine surgical serv- 
ice, with very satisfactory exposure. 


PREOPERATIVE AND POSTOPERATIVE CARE 


Preoperative preparation and postoperative 
care in the earliest Charity Hospital series 
can be described only as spotty. This is under- 
standable; the cases date from 1904, and even 
as late as 1938 adjunct measures did not ap- 
proach the methods of supportive therapy 
employed today. In the second series, which 
covered the 1939 to 1949 period, the situation 
was materially improved. In the 1953 series 
preoperative and postoperative care was uni- 
formly excellent. 

The importance of these adjunct measures 
is evident in an analysis of the surgical risk. 
In the 1951 report, only 14 of the 54 children 
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were classified as good risks when they were 
first seen, and 19 were frankly poor risks. In 
the current series, 8 were classified as good 
risks, 5 as fair risks, and 2 as poor risks, while 2 
were moribund. In the 1951 series there were 
no fatalities in the good risk group. In the 
present series, the single death occurred in a 
child who presented a classical picture of in- 
tussusception. He had been ill for 12 hours, 
but he was considered an excellent risk. The 
work-up and preoperative preparation con- 
sumed less than 2 hours; preparation included 
gastric aspiration, and supportive therapy 
was continued on the table. Reduction was 
readily accomplished, through a right rectus 
incision, and a few small serosal tears were re- 
paired. Three hours after operation he sud- 
denly presented a picture of respiratory dis- 
tress, and death occurred 3 hours later. There 
was no response to tracheal suction, oxygen, 
or other indicated measures. Since autopsy 
was refused, it is not clear why this death oc- 
curred. Tracheotomy might possibly have 
been useful. 

Ideal preoperative preparation included in- 
fusions of physiologic salt solution, glucose 
solution, or Ringer’s solution, frequently sup- 
plemented by blood, and usually continued on 
the operating table. Oxygen inhalations were 
routine. Care was taken to conserve body 
heat on the operating table. Postoperative 
care usually consisted of a continuation of 
these measures. 

Every patient in the 1953 series of intussus- 
ceptions was submitted to preoperative aspira- 
tion of the stomach. In several of the fatal 
cases in the earliest series the children had 
died of aspiration pneumonia, after vomiting 
on the operating table. In a similar case in 
the second series the child stopped breathing’ 
after aspirating vomitus, and resuscitation 
was necessary before the operation could be 
proceeded with. Death occurred 7 days later 
and autopsy revealed lipoid pneumonia. Such 
deaths should not occur, and would not if as- 
piration of the stomach were carried out be- 
fore, and at intervals during, operation. In 
the same connection, care should be taken in 
handling obstructed bowel, for fluid can easily 
be backed up into the stomach and regurgi 
tated in lethal amounts. 
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Poor judgment in fluid administration was 
frequently evident in the earliest series of 
cases, and occasionally in the second series. 
One 6 month old child probably died from re- 
ceiving too much fluid too rapidly. There was 
no instance of excessive fluid administration in 
the current series. The general policy now is 
to administer no more than 1o cubic centi- 
meters of blood per pound of body weight at 
any one time unless blood loss is extreme, 
which it practically never is in intussuscep- 
tion. We have found the polyethylene tub- 
ing introduced by Alexander and his associ- 
ates extremely useful when continuous infu- 
sions or transfusions must be given. 


MORBIDITY AND MORTALITY 


It might fairly be said that in the first series 
of intussusceptions studied from the New 
Orleans Charity Hospital a complicated con- 
valescence was the rule. Shock led the list of 
complications and of causes of death, and 
wound infections and pneumonia were fre- 
quent. Shock was a primary cause of death in 
at least 3 of the 14 deaths in the second series, 
but in not a single one of these cases could pre- 
operative or postoperative care be considered 
adequate, while nothing was done to sustain 
the children on the operating table. In this 
same series there were a fair number of upper 
respiratory infections and a number of cases of 
bronchopneumonia and acute otitis media. 
All were promptly detected and properly 
treated, with chemotherapy and antibiotic 
therapy. Wound infection was exceptional. 

Shock was not a factor in any case in the 
last series, and only 2 patients presented com- 
plications of any consequence. One developed 
acute gastric dilatation and persistent diarrhea 
after right hemicolectomy, and the other de- 
veloped pneumonia after simple reduction. 
There was only one general exception to the 
smoothness of the convalescence: 7 children 
had temperatures of 101 to 105 and 106 de- 
grees F. for 4 to 6 days after operation, with 
no evident reason for it. In the series of cases 
reported in 1951 the same unexplained hyper- 
pyrexia occurred, even after uncomplicated 
reduction, when the viability of the bowel had 
not been considered in doubt. Ravitch and 
McCune (12, 14) have commented on the 
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same phenomenon and have emphasized the 
presence of virulent organisms in the intesti- 
nal tract of these children, and the possibility 
of toxic absorption through the damaged 
mucosa. 

These febrile episodes cannot be disre- 
garded. In the second series of cases from 
Charity Hospital there were 4 instances of de- 
ferred postoperative intestinal obstruction, 2 
of which were fatal, and Ravitch and McCune 
(13) reported 12 such cases, 11 of which fol- 
lowed surgery. There were no instances of 
obstruction in the 8 patients in the last series 
who returned for follow-up checks and who 
were observed, in some instances, for as long 
as 2 years after operation. Curiously, in every 
case but 1 in this series the families lived in 
the city, or within a hundred miles of the city, 
yet many times their parents failed to take 
advantage of the medical observation and ad- 
vice which was theirs for the taking. Be this 
as it may, the family should always be 
warned, when the child is discharged, that 
postoperative adhesions are a source of dan- 
ger, and that he should be brought back to the 
hospital without delay if symptoms recur. 


CHANGING TRENDS IN INTUSSUSCEPTION 


Diagnosis. One hesitates to draw conclu- 
sions from only 17 cases, the number in our 
last analysis, particularly when 2 of the chil- 
dren were admitted moribund, but a number 
of things in it seem to us to represent encour- 
aging trends. The first is that in 15 of the 17 
cases intussusception was either definitely 
diagnosed or strongly suspected when the 
child was first seen. The result was that except 
in the 2 cases in which it was thought spontan- 
eous reduction had occurred and exploration 
was temporarily deferred, the delay in hospi- 
tal was only long enough to prepare the chil- 
dren for operation. This is in very marked 
contrast to the cases recorded in 1941, in 
many of which, in the most obvious instances, 
the disease was not suspected and in many of 
which there were long delays before operation. 
It is also in contrast to the series of cases re- 
ported in 1951, in which some inexplicable 
diagnostic errors were made by the hospital 
staff and in which the chief reason for delay 
before surgery often seemed to be simple 
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vacillation, for the patients were poorly pre- 
pared for operation, or not prepared at all. 

One case in the last series in which the 
diagnosis was in error has already been men- 
tioned; the child was thought to have gastro- 
enteritis and was refused admission. When he 
was brought back the following day, a diagno- 
sis of intestinal obstruction was made. There 
was a total delay of 27 hours from the onset of 
symptoms to surgery, and for 22 of these the 
hospital was responsible, but the child sur- 
vived, after a somewhat complicated conva- 
lescence. Incidentally, this case is a good 
example of a point already made, that the pic- 
ture in this disease changes radically as time 
passes. 

The only other diagnostic error in the pres- 
ent series was made in a 19 month old colored 
girl, who was admitted moribund. She was 
thought, with some reason, to have shigellosis, 
for she was admitted from a part of the coun- 
try in which this disease is very frequent. 
There was less excuse for a similar diagnostic 
error in the 1951 series, in which a child was 
treated in the hospital for 4 days for bacillary 
dysentery. She did not survive delayed sur- 
gery. 

Prehospital treatment. In the 1953 series 
there was only a single instance of incorrect 
medical treatment outside of the hospital. The 
child, who was admitted moribund, with a 
diagnosis of shigellosis, had been given white 
tablets by a local physician 12 hours before 
her admission. Past experience suggests that 
the medication was a sulfonamide or anti- 
biotic. 

In the 1951 series there were 2 errors of this 
kind. One negro child was seen by 2 physi- 
cians, neither of whom suggested hospitaliza- 
tion. One white child, whose history of intussus- 
ception could scarcely have been more classi- 
cal, was treated for 24 hours by a local physi- 
cian, who first gave her sulfadiazine and then 
another sulfonamide. Hospitalization was not 
advised until her temperature was 106 de- 
grees F. and she had had a convulsion. Both 
these children survived. 

Excessive surgery. In a number of the fatal 
cases in the earliest series the patients were 
obviously submitted to too much surgery. 
Whether all the resections that were per- 
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formed were indicated it would not be proper 
to estimate. Other radical operations were 
also employed. In 1 fatal case, for instance, a 
5 month old child was submitted to reduction 
of the intussusception through a median inci- 
sion, followed by appendectomy and cecos- 
tomy through a McBurney incision. Appen- 
dectomy was performed in many instances 
when it was clearly not indicated, with the 
expressed hope that adhesions would fix the 
bowel in the ileocecal region and thus prevent 
recurrence. Cecopexy and colopexy were per- 
formed with the same objective. Most of these 
operations were attended with a prohibitively 
high mortality. 

The second series also contained a number 
of instances of too much surgery. All 3 pa- 
tients submitted to appendectomy recovered, 
it is true, but the 2 children submitted to fixa- 
tion operations were not so fortunate. 

There were no fixation operations in the 
third series, and in only 1 instance was there 
any evidence of atendency todo more than was 
necessary at operation. It is hard to see why 
a patient whose preoperative condition was 
rated as poor should have had a perfectly nor- 
mal appendix removed. It is true that this is 
a procedure which is often performed with no 
evident ill results, but we take the position 
that removal of the appendix, unless it is non- 
viable, perforated, or acutely inflamed, sub- 
mits the patient to an unnecessary risk. In 
Moore’s series the 6 infants who underwent 
incidental appendectomy all survived, but all 
had abnormally high temperature elevations 
after operation, although the duration of the 
invagination before surgery was less than 15 
hours in 5 of the 6 cases. 

Meckel’s diverticulum was removed, with 
good reason, in 1 case in the latest series, for it 
was hemorrhagic, as was the appendix. In the 
other surgical case in which it was present it 
had no part in the invagination, and there was 
no indication for its removal. In 1 of the fatal 
nonsurgical cases it was the leading point of 
the intussusception and it was gangrenous, as 
was the ileum. ; 

Another hopeful surgical trend observed in 
this latest series was the resort to resection 
before prolonged attempts at reduction of an 
apparently irreducible intussusception had 
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damaged the bowel wall and exhausted the pa- 
tient. The operative notes also suggest that 
reduction was carried out with more discre- 
tion, including a greatly lessened resort to 
traction. 

Mortality. In their 1950 report from the 
Johns Hopkins Hospital, Ravitch and Mc- 
Cune (13) comment on the reduced mortality 
in intussusception, in spite of the fact that 
there had been little change in the preadmis- 
sion duration over the past 30 years. Much 
the same situation exists at the New Orleans 
Charity Hospital. In the 1953 series 8 of the 
17 patients were not admitted until 24 hours 
or more had elapsed, and 4 had been ill from 
48 to 72 hours, yet the mortality showed an 
improvement. 

In the 1951 report it was noted that the 
most hopeful feature in the analysis of these 
54 cases was that the last 10 patients treated 
(after July 1947) had all survived. With a 
single exception, all the patients in the 1953 
series also survived surgery. The hospital 
cannot fairly be charged with the deaths of 
the 2 children who were admitted moribund 
and died without treatment. This means that 
in the last 25 cases there was only 1 death, 
which brings the therapeutic mortality for the 
last 54 years down to 4 per cent. 

There are many reasons for this improve- 
ment in results, including, as already pointed 
out in the course of these remarks, a higher 
index of diagnostic suspicion, greatly im- 
proved preoperative and postoperative care, 
and better judgment at the operating table. 
In our opinion, however, as was emphasized 
in the 1951 report, the most reasonable ex- 
planation for the improvement is the fruitful 
co-operation established between the pediatric 
services in Charity Hospital and the surgeons 
who handle the pediatric surgery. As long as 
this co-operation continues, there is reason to 
hope for continuing improvement in the 
future. 

SUMMARY 

To the 88 cases of intussusception in chil- 
dren under 2 years of age reported from 
Charity Hospital of Louisiana at New Orleans 
for the period 1904 to 1938, and the 54 cases 
reported for the period 1939 to 1949, a third 
series of 17 cases is added, covering the period 
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1950 to 1952. The mortality fell progressively 
as time passed, but was still prohibitively 
high, 25.9 per cent, in the second survey. Since 
July, 1947, however, there have been only 3 
deaths in 27 cases, and 2 of these children died 
within an hour of their admission. Hopeful 
trends in the last analysis include a far higher 
index of diagnostic suspicion, consistently ex- 
cellent preoperative and postoperative care, 
including gastric aspiration, and better judg- 
ment at the operating table. The chief reason 
for the continuing improvement is the contin- 
uing fruitful co-operation between the pediat- 
ric services and the surgeons who handle 
pediatric surgery. 
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UTERINE FIBROMYOMAS 


R. W. IRWIN, M.D., Montreal, Canada 


HE clinical significance of uterine fi- 

bromyomas remains a problem de- 

spite long study by clinicians and 

pathologists. The incidence reported 
in women over 50 years of age, ranges up to 50 
per cent, yet there is no well defined agree- 
ment regarding their potentialities, sympto- 
matology, or indications for surgical removal. 
Does the mere presence of fibromyomas jus- 
tify their removal? What specific symptoms 
are produced by fibromyomas? Is it correct to 
attribute all these symptoms to the fibromyo- 
mas, or are they in most cases merely coinci- 
dental? 

The commonest symptoms attributed to fi- 
bromyomas are pain, bleeding, and pres- 
sure effects. These are hard to evaluate and 
often poorly documented, and one feels that 
much of the writing on this subject is based 
on insufficient evidence. This vague status is 
reflected in the attitude of different surgeons 
toward operating on these patients. Some say 
that the mere presence of fibromyomas justi- 
fies a hysterectomy, while others claim that 
they are symptomless. Victor Bonney, who 
was one of the most prominent authorities on 
this subject, developed the operation of mul- 
tiple myomectomy in order to deal with the 
tumors and still preserve the uterus. His 
operations were done primarily in an effort to 
correct sterility. 

This paper deals with 632 cases of uterine 
fibromyomas encountered in the files of the 
Winnipeg General Hospital from December 
1947 to March 1953. All but 14 of these were 
removed surgically. 


SYMPTOMATOLOGY 


The important symptoms recorded in this 
series were pain, discharge from the vagina, 
and pressure effects (Graph 1). 

Pain. In this series, 219 patients were oper- 
ated on primarily for the relief of pain. To 
assess pain, one must have details of exact 
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type, intensity, duration, and location. Docu- 
mentation of these was grossly inadequate, 
and in no case was it complete; hence the pain 
recorded could not be critically evaluated. 
Two main types of pain were mentioned, a 
crampy type of lower abdominal pain, and 
pain due to pressure. The duration of pain 
was recorded in 104 cases, and varied from 
21% days to 16 years with an average period 
of 26.5 months. In 76 cases it was more than 
1 year. This relatively long duration makes 
one dubious as to the severity of pain. Dys- 
menorrhea, abdominal discomfort, and dyspa- 
reunia were contributing factors leading to 
surgical intervention (Graph 2). The two com- 
monest sites of pain were lower abdominal and 
suprapubic (Fig. 1). Back and low back pain, 
although moderately frequent, is difficult to 
assess since it is common in both sexes of this 
age group. 

Discharge from vagina. This was either hem- 
orrhage or leukorrhea, and usually constituted 
a source of inconvenience and annoyance 
rather than any real impairment of health. 
Most commonly, excess bleeding took the 
form of menorrhagia (Graph 3). From the 
records, accurate quantitative estimation of 
blood loss is impossible. There was no uni- 
form depression of hemoglobin among the pa- 
tients who passed blood clots, who used more 
than 18 perineal pads per period, or who had 
menstrual periods of more than 5 days’ dura- 
tion. Their average hemoglobin was 10.9 
grams (70. 2 per cent) with 58 below 9.4 grams 
(60 per cent). The average hemoglobin of the 
whole series was 11.7 grams (75.4 per cent). 
The average duration of the menorrhagia, re- 
corded in 174 cases, was 21.2 months with a 
range of from 2 days to 20 years. 

Pressure symptoms. These are quite fre- 
quent in this series (Graph 4). Nocturia, 
frequency, constipation, hemorrhoids, and 
varicose veins are common symptoms, and 
one must be cautious in ascribing their cause 
to fibromyomas which may be only coinci- 
dental. Of the 30 patients with stress inconti- 














TABLE I.— POSTOPERATIVE COMPLICATIONS 





Hospi- 
Ase, Complication talstay, 
ye days 


Operation 





Bowel obstruction 6 weeks 

———— due to ad- 

esions to the cervical 
stump 


36 Subtotal hysterecto-| 22 
my 





43 Right ureterovaginal fistula 


4 la) Total hysterectomy 19 
with right hydronephrosis 





31 Bowel obstruction ro days 

———— due to ad- 
— between loops of 
we! 


Myomectomy, appen- 17 
ectomy (en pas- 
sant 





51 Wound disruption 9 days| Total hysterectomy 





postoperatively and bilateral salpin- 
go-oophorectomy 
55 Incisional hernia (2 previous) Myomectomy 30 


abdominal operations) 





Ileus 6 days postoperatively| Total hysterectomy 


and bilateral salpin- 

















go-oophorectomy 

28 Incisional abscess Myomectomy 22 

40 Postoperative atelectasis Total hysterectomy 14 

42 Postoperative ileus Total hysterectomy 17 

39 Multiple pulmonary emboli | Subtotal hysterecto- 41 

my, appendectomy 
(en passant) 

40 Postmortem findings: para-| Total hysterectomy 7 
lytic ileus due to localized) and left salpingo- 
peritonitis where loops of| oophorectomy, ap- 
small bowel were adherent! pendectomy (en pas- 
to abdominal and pelvic! sant) 





wounds; appendicealstump 
was not involved 











nence, 29 had previously borne children. 
Forty-two patients had varicose veins. 
Symptoms of anemia. Symptoms considered 
suggestive of anemia were investigated under 
the headings of headache, weakness, and 
dyspnea (Graph 5). These symptoms were 
rarely reliable as an indication of lowered 
hemoglobin. Of these three, dyspnea was 
present in 103 patients and was the symptom 
associated with the lowest average hemoglo- 
bin, 10.9 grams (70.1 per cent), which is only 
5.3 per cent below the average hemoglobin for 
the entire group. Twenty-seven had hemo- 
globins below 9.4 grams (60 per cent). There 
were only 9g cases, investigated primarily for 
anemia, and found to have vaginal bleeding 
as the sole etiology. Graph 6 illustrates a 
gradual decrease in the hemoglobin from the 
early twenties to the menopause, and then a 
progressive rise with age. (Wintrobe gives a 
uniform average hemoglobin for all ages, in 
normal women of this age group). This would 
seem to indicate that many of the women in 


IRWIN: UTERINE FIBROMYOMAS 


Vaginal Discharg 


Neurotic 


a 
5 é 


! i | 
} 
1 150 20 0 00 


ss——ae 


Symptoms, indicating their numerical fre- 





Graph. 1. 
quency. 


Dysporeunio 


be ! | 


~ 50 100 180 00 





230 


Graph 2. Types of pain, indicating their numerical fre- 
quency. 


this series were constantly losing more blood 
than they were replacing, producing an iron 
deficiency anemia. 

Neurosis. The prevalence of the menopaus- 
al syndrome, though not related to fibromyo- 
mas, adds greatly to the difficulty of assessing 
the severity of symptoms. With an average 
age of 43.5 years for the series, it is obvious 
that a large percentage were menopausal, and 
in fact 33 were having hot flushes. In addi- 
tion 25 patients (3.9 per cent) gave a history 
of previous hospital treatment for neuro- 
psychiatric disorders. 


SIGNS 


Graph 7 is incomplete because only 262 pel- 
vic examinations were recorded. Fibromyo- 
mas were noted clinically in all of these. In 17 
of these cases, the subsequent pathologic ex- 
amination revealed single fibromyomas less 
than 2 centimeters in diameter; 9 of these 
were less than 1 centimeter, and 1 was less 
than 1 centimeter in diameter and submucous 
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Fig. 1. Diagram indicating numerical frequency of pain 
by site. 


in site. It seems doubtful that all of these 
were actually palpated. Although no control 
series is available, falsely positive examina- 
tions were recorded during the same period of 
time. In other words, fibromyomas were di- 
agnosed clinically which were not present at 
pathologic examination. Tenderness was very 
difficult to assess, since minor degrees were al- 
most certainly included. In 173 cases there 
was no hospital record of positive physical 
findings. None of these had records of pelvic 
examination. In 108 of these cases, in which 
the uterine weight was recorded at pathologic 
examination, the average weight was 263.1 
grams. 


CORRELATION OF SYMPTOMS AND 
PATHOLOGIC FINDINGS 


Uterine weight. The average uterine weight 
in this series was 487.5 grams, approximately 5 
times the normal average uterine weight of 70 
to 100 grams. The weight range was 45 to 
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Graph 3. Types of vaginal discharge, indicating their 
numerical frequency. 
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Graph 4. Types of pressure effects indicating their nu- 
merical frequency. 


4,300 grams with 41 uteri weighing less than 
100 grams. There is no striking relationship 
between the weights of uteri and symptoms. 
Of the 42 patients with varicose veins, the 
uterine weights of 34 were recorded. This 
average weight was 180 grams greater than 
the average for the entire series. However, 
only 13 patients had uteri weighing more than 
487.5 grams with 5 over 1,000 grams, while in 
IO cases, uterine weight was less than 200 
grams. In the 44 cases of lower abdominal 
heaviness, the average weight recorded, 368.9 
grams, is actually 118.6 grams less than the 
average series weight. Hemoglobin values 
showed no relation to uterine weight. 

Size of fibromyomas. In an effort to assess 
the effect of size of the tumors, singly occur- 
ring fibromyomas were divided into those less 
than 2 centimeters and those from 2 to 4 cen- 
timeters. In these the symptoms did not bear 
any definite relationship to the size. The sizes 
of single fibromyomas, which were found in’ 
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Graph 5. Types of symptoms suggesting anemia indi- 
cating their numerical frequency. 
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Graph 6. The average hemoglobin values related to age groups. 


214 cases, were compared with the age by 5 
year spans. The ratios of the larger to smaller 
fibromyomas in all of these age groups did not 
differ more than 4 per cent. This suggests 
that there is no particular age group in which 
fibromyomas begin to grow. 

Site of fibromyomas. The sites are indicated 
in Figures 2 and 3. Pain was not related to 
site of the tumors. Thirty-eight of 116 cases 
of submucous fibromyomas were recorded as 
being associated with pain, a proportion ap- 
proximately the same as in those in an inter- 
stitial or subserous location. In 1 interesting 
case, a submucous fibromyoma, measuring 8 
by 5.5 by 5.5 centimeters, was extruded spon- 
taneously and produced lower abdominal and 
low back pain. Bleeding showed little rela- 
tionship to the site of tumor. In gr cases of 
submucous fibromyomas in which the hemo- 
globin estimation was done, the average value 
was I1.o grams (71.3 per cent) with 18 having 
a hemoglobin below 9.4 grams (60 per cent). 
The frequency of abortion was not influenced 
by the site of the fibromyomas. Sterility oc- 
curred in 20 cases, tubal pregnancy in 7, and 
salpingitis in 4. It was thought that pressure 
from fibromyomas might be a causative factor 
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in these conditions. However, in no case was 
obstruction to the isthmus by uterine fibro- 
myomas proved. These incidences are not 
large enough to be significant and they do 
not exceed those quoted for the general pop- 
ulation. 

Degeneration of fibromyomas. The fibromyo- 
mas in 71 cases were reported as showing vari- 
ous types of degeneration. This was reported 
in all sizes except the very small. Many large 
fibromyomas did not show degeneration. 
None of these cases were associated with sys- 
temic disturbances, nor was the incidence of 
pain or tenderness increased over that in the 
entire series. There were no cases of torsion of 
pedunculated subserosal fibromyomas. Dur- 
ing the period of this series 5 cases of uterine 
sarcoma were diagnosed. Two of these arose 
in fibromyomas. 
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Posterior 130 













Subserosal 312 |’ 


Anterior 131 


Interstitial 459 


Fig. 2. Location of fibromyomas and their numerical 
frequency. 


Pregnancy. Pregnancy was seldom altered 
by the presence of fibromyomas. The inci- 
dence of abortions (21 per cent) was not great- 
er than in the general population. As men- 
tioned before, there were 7 cases (1.1 per cent) 
of tubal pregnancy. Fibromyomas seldom 
caused obstruction to labor. During the pe- 
riod of this series 14,093 babies were delivered. 
Of these 433 (3.1 per cent) were delivered by 
cesarean section. At 12 of the cesarean sec- 


Fundal 126 





Fig. 3. Location of fibromyomas and their numerical fre- 
quency. 
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tions, fibromyomas were recorded as being 
present, half of which were causing obstruc- 
tion (1.4 per cent of cesarean sections). 


SURGERY 


The average hospital stay was 15.7 days. 
The type of operation (Graph 8) altered this 
very little. All of the operations were elective. 
In no case was emergency operative inter- 
ference required. Eighty-two myomectomies 
were performed. They were largely restricted 
to the child bearing age group and have the 
highest incidence of complications (3.7 per 
cent). Vaginal hysterectomies were used 
sparingly, mostly in the older age group when 
repairing the vagina. In these, fibromyomas 
were incidental findings. In 12 cases in which 
the uteri were weighed, the average weight 
was 194 grams, with 1 over 250 grams. Total 
and subtotal hysterectomies were the most 
frequent operations. Since the only mortality 
in this series followed total hysterectomy, and 
since the percentage of complications from 
subtotal hysterectomies is less, it would ap- 
pear superficially that the latter is the opera- 
tion of choice. However, it is significant that 
during the period 1944 to 1952, 23 cases of 
carcinoma were found in cervical stumps fol- 
lowing previous subtotal hysterectomy; 13 of 
these, 2 or more years after operation. This is 
a strong argument for total hysterectomy. 

A total of 278 partial or complete oophorec- 
tomies were done. One hundred and thirty- 
six single oophorectomies were performed. 
Bilateral oophorectomies were done in 71 
cases. Fifty-two of the latter group were be- 
tween the ages of 41 and 55 years. Nine were 
younger and ro were older. Among these, 39 
contained corpora lutea. The largest corpus 
luteum was 4 centimeters in diameter (non- 
pregnant patient). Eight corpora lutea meas- 
ured more than 2 centimeters in diameter. 
There were 16 physiologic cysts of graafian 
follicle measuring more than 2 centimeters in 
diameter; the largest was 7 centimeters in di- 
ameter. These normal variations in ovarian 
structure are mentioned because they are fre- 
quently mistaken by the surgeon for patho- 
logic conditions. The pathologic conditions 
found in ovaries are listed later with asso- 
ciated conditions. 
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TABLE II.— ASSOCIATED CONDITIONS 
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Incidence Incidence 
Associated condition Comments Associated condition Comments 
Per Per 
No. cent No cent 
Malignant tumors 25 4 Polypoid 37 
Carcinoma of breast 9 Eight were previously di-|}_ Endometrial hyperplasia 5 
agnosed, 1 subsequently - . ——— — 
—— Benign breast lesions 28 4-4 
Carcinoma of corpus uteri 5 Fibromyomas incidental : . es re — 
- —— Cystic and proliferative dis-} 17 | 
Carcinoma of ovary 3 One carcinoma coexistent ease 
but not discovered till = —— | ——-- — —_—_—_— 
recurrence 2 years later; Fibroadenoma 6 
2 coexistent . —_—_— |—— 
micas Unclassified 5 
Carcinoma of thyroid 2 Both diagnosed previous- ~ — ——— 
ly Thyroid abnormalities 71 11.2 
Carcinoma of cervix 2 | One in situ found at|} Thyroidectomy* 40 
pathologic examination; : ———|_ -——_—_—_———_——__—_— 
1 discovered 2 weeks|| Nodular goiter 17 
following operation (epi- 7 = - | 
dermoid grade 3) Diffuse thyroid enlarge- 5 
_— ment 
Carcinoma of sigmoid 4 Fibromyomas incidental - - ——_ |_-—______—_—- 
— Carcinoma thyroid 2 
Endometriosis 42 6.6 | Diagnosis was made at —— | -- —---  - + - - 
operation in all cases Hiirthle cell tumor I 
ane | ear ae eee 
Ovary 20 Taking thyroid extract 6 | 
Adenomyosis 15 Appendectomy 225 35.6 
Serosa 4 Previously removed 141 
Appendix 2 Removed at operation on! 84 
- —— the uterus 
Oviduct I —-— - - - 
- - No changes 64 
Benign ovarian lesions 57 9.6 | All but 1 of these lesions = — - 
- cla ‘Ted were found at operation Fibrosed 14 
: Endometriosis on ae _ Pathologic 6 | 
Serous cysts Ir — —— — _ 
Dermoids 3 i Ruptured mucocele I | 
Parovarian cysts 7 ee _ ae Ruptured acute diffuse I Fibromyoma incidental 
Pseudomucinous cysts 6 appendicitis ie ee 7 
Fibroma 4 Subsiding acute appen- I | 
Unclassified I Previously removed Icitis = =e en : 
Endometrial lesions 42 6.6 | Diagnosis was made on Monocytic reaction | I | } 
pathologic examination | |——_| aoa 
of the uterus Endometriosis 2 | 














*The incidence of thyroidectomy is 6.3 per cent of the series as compared with 1.2 per cent for all discharges, male and female, during the same 


period, 


Twenty-nine patients had varying combi- 
nations of prolapse, cystocele, and rectocele, 
which were corrected. 

Previous adnexal and/or uterine surgery had 
been performed in 75 cases, 16 of which were 
myomectomies. 

In 11 cases postoperative complications de- 
veloped. The last case listed in Table I was 
the only fatality, giving an operative mor- 
tality of 0.35 per cent. 

Only the first 3 complications may be di- 
rectly associated with the type of abdominal 
surgery performed. 

Postoperative hemorrhage was not included 
as a complication as there was no absolute 


proof of its presence in many cases, nor could 
it be accurately assessed. However, in no case 
did it require operative interference, though 
transfusions were often given. 
Appendectomies were done in 3 cases in 
which postoperative complications developed. 
In none of these did the appendectomy direct- 
ly contribute to the complication. 
Table II lists the associated conditions en- 
countered. 
SUMMARY 
1. Uterine fibromyomas are common. 
2. The majority of women with uterine 
fibromyomas do not have resultant symptoms 
which bring them to their physicians. 
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3. Of those who seek medical advice the 
recorded presenting complaints, in order of 
frequency, are discharge from the vagina, 
pain, and pressure effects. Of these, pain ap- 
pears to be the most significant factor. 

4. Pain was recorded as the single com- 
monest indication for surgery. The inade- 
quate documentation of pain made critical as- 
sessment impossible. 

5. Discharge from the vagina was in most 
cases an annoying rather than severe symp- 
tom. 

6. Anemia has no reliable diagnostic 
symptoms. It can only be diagnosed with 
certainty by hemoglobin estimation. 

7. The anemias are of iron deficiency type, 
and most can be corrected with an increased 
iron intake. 

8. The so-called pressure symptoms only 
in rare instances can be attributed to fibro- 
myomas. 

g. There was little correlation between 
size and site of uterine fibromyomas and re- 
corded symptomatology. 

1o. Uterine fibromyomas apparently de- 
velop at any age during the fertile period. 
No particular age span had a higher incidence 
of large or small fibromyomas. 

11. Degeneration in fibromyomas was not 
clinically significant in this series. 

12. Origin of sarcoma from fibromyomas 
was recorded in 2 cases. 

13. Pregnancy was rarely complicated by 
fibromyomas. 
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14. The incidence of surgical complications 
was 1.9 per cent, including 1 death. 

15. When there is a choice between total 
and subtotal hysterectomy, the former is the 
preferable procedure. 

16. Oophorectomies were performed far in 
excess of the pathology found. 

17. One can only speculate as to possible 
etiologic relationships between associated le- 
sions and fibromyomas. A life-time follow-up 
would help to determine if such a relationship 
exists. 

CONCLUSION 

Six hundred and thirty-two cases of uterine 
fibromyomas encountered at the Winnipeg 
General Hospital are reviewed. An effort is 
made to correlate symptomatology and patho- 
logic findings. This is difficult since the symp- 
toms are not accurately documented. Symp- 
toms rarely appear to be influenced by site or 
size of fibromyomas. The problem is compli- 
cated further by the great frequency of simi- 
lar symptoms in the general female population 
in this age group, so that it is often impossible 
to prove them to be due to coexistent fibro- 
myomas. Types of surgery performed and 
postoperative complications are discussed; as- 
sociated conditions are listed. 
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AN EVALUATION OF THE EVANS BLUE DYE T-1824 


METHOD FOR STUDYING THE CIRCULATING 
BLOOD VOLUME 


JAMES A. WHITING, M.D., Spartanburg, South Carolina, and 
RICHARD HOTZ, M.D., Toledo, Ohio 


HE common laboratory procedures 

used by most institutions in the eval- 

uation of the surgical risk of chron- 

ically ill patients, and in the control 
of therapeusis thereof, do not always correct- 
ly reveal deficits or excesses in total hemo- 
globin, erythrocytes, plasma, or proteins in the 
circulating blood. The unexplained appear- 
ance of sudden shock on the one hand, or car- 
diac insufficiency on the other, illustrates the 
need for utilization of more accurate, yet 
practical means of evaluation. The occurrence 
of wound dehiscence, edema of a gastroenter- 
ostomy or delayed convalescence and pro- 
longed weakness postoperatively, in patients 
who demonstrate normal plasma protein con- 
centrations, may be based upon the presence of 
an actual deficit in total circulating plasma 
and protein and in body proteins. 

It is the purpose of this presentation first to 
review the past and current methods of deter- 
mining more absolute variation from normal 
of the component parts of the circulating 
blood volume and to evaluate the present 
methods as to their use in the average hospital; 
second, to record a means of controlling re- 
placement therapy in chronically ill patients 
by multiple estimations of blood volume using 
Evans blue dye, T-1824. 


REVIEW OF METHODS 


For the past several decades a search for a 
practical method of determining the circulat- 
ing blood volume has been maintained. Since 
the beginning of research in this particular 
field, a great wealth of literature has been 
published pertaining to methods of determin- 
ation; but even now, much controversy exists 
regarding the efficacy of each procedure. 
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Active interest in devising a method for 
determining the circulating blood volume be- 
gan approximately 38 years ago when Keith, 
Rountree, and associates first used a vital red 
dye for injection into the circulation of chron- 
ically ill patients. A high percentage of error 
with this procedure was found to be present, 
and in the following two decades modifications 
were introduced by other investigators in 
attempts to increase its efficiency effectively. 

In 1937 Gibson and Evans (6) introduced a 
means of determination using Evans (T-1824) 
blue dye. Estimations were based upon the 
degree of concentration of the dye in the plas- 
ma following injection. A spectrophotometer 
was used for recording optic densities of the 
plasma samples, and with these readings, total 
plasma volume could be calculated. Clark and 
associates determined the blood volumes of 
chronically ill patients by means of the dye 
and have designated the term “chronic shock” 
to those individuals who have become mal- 
nourished, who have lost weight, and who 
have had a reduction in the circulating blood 
volume as a result of prolonged illness. J. G. 
Gibson, II, and associates (7, 8, 12) have illus- 
trated increases in blood volume in chronic 
congestive heart failure, and hyperthyroidism 
by using the dye T-1824. They also noted a 
a decrease of total volume in patients with 
hypothyroidism. An increase of total red cell 
mass in polycythemia has been reported by 
Hayden, and blood volume changes in preg- 
nancy have been demonstrated by Thomson. 
The effect on the circulation following burns 
was reported by Keeley and associates. 

In an effort to obtain a rapid means of 
estimating the degree of blood loss in patients 
in acute shock following massive hemorrhage, 
Phillips, Yeomans, and co-workers (24) uti- 
lized changes in specific gravity in the blood 
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after infusions of plasma. These investigators 
also demonstrated a method of determining 
the blood volume from changes in hemoglobin 
concentration or hematocrit. 

Green and Metheny have recorded a method 
to appraise the degree of hemorrhage quickly 
by denoting changes in blood pressure of an 
individual when he is moved from a prone to 
a sitting position. This method represents a 
gross approximation of the degree of deficit 
and cannot be compared to the more direct 
means of determination. 

Since World War II radioactive materials 
have become more readily available to medical 
science, and by means of these substances 
more accurate determinations are reported. 
Using radioactive isotopes of iron and iodine 
for tagging red cells in the circulation of dogs, 
Gibson, Seligman and associates (9) have 
demonstrated values somewhat lower than 
those determined by Evans blue dye. Nach- 
man, James, and colleagues have compared 
red cell volumes in human subjects using 
radioactive phosphorus and T-1824 dye. They 
report considerably less values with the radio- 
active mineral than those found following in- 
jection of the dye. Other investigators, how- 
ever, report a more uniform ratio between the 
two methods. 

Additional procedures for determination of 
blood volume by using carbon monoxide and 
methemoglobin-tagged red cells are also found 
in the literature. 


APPRAISAL OF METHODS 


A critical appraisal of these procedures as to 
use in clinical practice leads one to consider 
the method which is not too technical for the 
average laboratory personnel, one which is 
not overly time consuming, and most impor- 
tant, a method with a percentage of error 
within limits small enough to permit proper 
evaluation and control of chronically ill pa- 
tients. It is generally conceded by most in- 
vestigators that a means of determination of 
the blood volume which meets these criteria 
completely is as yet forthcoming. 

Determinations by means of radioactive 
materials are exceedingly technical in nature 
and above the scope of the average hospital. 
Similarly, estimations of deficit by means of 
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carbon monoxide and methemoglobin-tagged 
cells involve the utilization of specialized 
equipment and detailed procedures and calcu- 
lations which are time consuming and require 
a considerable amount of technical ability, 
The specific gravity method is not without 
considerable error, although it may be done 
quickly and in emergencies may be helpful in 
control of the exsanguinated patients. 

The subject of our investigation is the 
Evans blue dye method. A considerable 
amount of criticism is noted in the literature 
regarding this means of estimation of blood 
volume; conversely, numerous reports sup- 
porting the efficacy of the dye method are also 
present. 

One main criticism concerns the use of ven- 
ous hematocrit in calculating the total blood 
volume from the plasma volume. Bard in 
1938 reported a discrepancy of as high as 25 
to 30 per cent in the total blood volume due 
to the fact that capillary blood is richer in 
plasma than blood in the large vessels. Nach- 
man, James, and co-workers have stated that 
the body hematocrit is on an average 12 per 
cent less than the average venous hematocrit. 
Conversely, Gibson and associates (9) have 
shown that the relation of average body to 
venous hematocrit varies within fairly small 
limits, or plus or minus 5 per cent. Ina recent 
communication, Price also considered the 
hematocrit as a source of error and suggested 
that more accurate determinations could be 
made by estimation of plasma volume by 
means of the Evans blue dye, and red cell 
volume using radioactive materials. It would 
seem that the combined approach would be 
too technical to be practical. 

Phillips and associates (23) introduced a 
correction factor of 0.955 to allow for the 
plasma trapped between the cells, and a factor 
of 0.915 was applied by Meyerson and co- 
workers in finding a ratio of 0.99 between red 
cell volume as determined by radioactive 
phosphorus and T-1824. Beling and associates 
(2) have recently brought out that an overall 
error of 10 per cent, including a 5 per cent 
experimental error, should be ascribed to the 
dye method. Further evidence indicating that 
variations due to discrepancies in hematocrit 
readings are not as great as formerly thought, 
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is supplied by Lyons and Meyerson. They 
report that restoration of blood volume to 
standard on the basis of usual weight in health 
is accomplished without significant hemocon- 
centration. 

The problem of obtaining the normal weight 
in health, to be used as the basis for determi- 
nation in depleted patients, is not as yet com- 
pletely settled. For the individual of average 
body configuration, this represents little diffi- 
culty. An average of 85 cubic centimeters of 
whole blood and 45 cubic centimeters of 
plasma per kilogram body weight is fairly well 
established. In abnormally obese patients and 
unusually thin individuals, however, an accu- 
rate basic weight cannot easily be determined. 
Perera has compared plasma volume deter- 
minations by using surface area and height in 
the prediction of normal values in patients of 
abnormal habitus. A closer approximation to 
predicted values was present with height 
standards than that obtained when using sur- 
face area as the basis for determination. Clark, 
Nelson, and co-workers (5) have confirmed 
these observations and report that only a very 
small proportion of cases in their series have 
been difficult in this respect. It is suggested 
that more accurate estimation of the normal 
weight in health of depleted patients could be 
brought about by weighing all persons seen 
for routine check-ups or minor ailments. 

In acute shock and severe burns, rapid fluid 
shifts and an increased rate of disappearance 
of plasma, and thus the dye, may occur. Noble 
and Gregersen have studied the circulating 
blood volume in clinical shock using the dye 
method, and have supplied correction factors 
for these determinations. A review of their 
methods would seem to indicate that the use 
of these factors would be practical in certain 
cases, although even in these individuals the 
change in dye curves has been observed to be 
small. 

It has also been held that determination of 
the circulating blood volume by means of 
T-1824 is too technical and time consuming 
to be of practical value. This has not been 
our experience. The steps in the procedure are 
readily mastered by the average technician, 
and the calculations follow a definite series of 
formulas as outlined by Beling, Morton, and 
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Bosch (3). The average time necessary for 
completion of the test is 45 minutes at this 
institution. 

A variation in plasma volume among nor- 
mal subjects is known to be present. Griffin 
and associates have countered this objection 
by consideration of the ratio of plasma volume 
to interstitial fluid volume, and by serial deter- 
minations of the blood volume in individual 
patients. These variations are usually insigni- 
ficant when standard plasma volumes are 
applied in evaluation of the depleted patient. 


METHOD OF STUDY 


The circulating blood volume determination 
as described by Beling and associates (3) has 
been used at this institution for the past 5 
years for the evaluation of surgical risk or 
general status in patients having a variety of 
diseases. Results of these tests are in agree- 
ment with the findings of other investigators. 

In the present series, multiple determina- 
tions in 18 chronically ill patients were ac- 
complished in such a manner as to reduce the 
incidence of inadequate replacement of deficits 
and to control the occurrence of over trans- 
fusion in undernourished patients. 

Adequate precautions were taken with re- 
spect to avoidance of hemolysis, spillage of 
dye, and of exceeding or under-shooting the 
required time interval. Optimum weight in 
individuals of average configuration or stand- 
ard weights in patients of abnormal body form 
were the bases for determination in the present 
series. A normal for females of 14.5 grams of 
hemoglobin per 100 cubic centimeters whole 
blood or 15.6 grams for males was used as the 
standard for deriving total hemoglobin values. 
The “surgical evaluation chart” of Beling and 
associates (2) was used for reporting blood 
volume deficits. 

Upon admission to the hospital, an initial 
study was done, followed by correction of 
deficits, if possible, over a period of from 1 to 
7 days. In some individuals a second preoper- 
ative test, just prior to the proposed date of 
surgery, was completed as a check for ade- 
quate replacement. One to 3 days postopera- 
tively, a third examination was done to deter- 
mine blood loss in surgery and postoperative 
hemorrhage accurately. It has been shown by 
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Stanton and associates that estimations of 
surgical blood loss by the colorimetric and 
gravimetric methods are grossly in error in 
comparison with determinations by the dye 
method, since the amount removed from the 
wound is usually considerably less than that 
actually lost during surgery. By using the 
dye, a determination immediately in the post- 
operative period gives reasonably accurate 
estimation of surgical blood loss and that lost 
immediately following surgery. At the end of 
the third or fourth day, alimentation is usually 
restored, and the need for further control of 
the blood volume is considerably lessened. In 
a few individuals, a fourth determination from 
1 to 2 weeks after surgery was considered of 
value. 
RESULTS 

The results of experimentation in the pres- 
ent series of 18 debilitated patients are re- 
corded in Table I. It may be seen by com- 
parison of hemoglobin concentration, hema- 
tocrit, erythrocyte counts, and plasma protein 
concentrations with total values as deter- 
mined by Evans blue dye, T-1824, that the 
former laboratory tests do not accurately pre- 
sent the true picture of the surgical patient 
and often mask the presence of large deficits 
in circulating blood volume. For the most 
part, replacement therapy preoperatively and 
postoperatively within limits was carried out. 
Certain instances of insufficiency were due to 
inability to obtain adequate quantities of 
whole blood or plasma and to the nature of 
the chronic illness. In every patient except 
one, who did not reach surgery because of 
inoperability, major or radical procedures 
were carried out without appreciable drop in 
systolic blood pressure. 


CASE REPORTS 


CaAsE 1. F.B., 51-710. This 43 year old white 
male entered St. Vincent’s Hospital on January 20, 
1951, complaining of left upper quadrant pain for 1 
year, accompanied by a weight loss of 15 pounds, 
shortness of breath, and urinary symptoms. A pal- 
pable mass in the left upper quadrant and enlarge- 
ment of the liver were present. The patient received 
1,000 cubic centimeters of whole blood 1 day prior to 
the initial surgery. On January 27, the patient was 
explored and the mass, which was thought grossly 
to be a lymphosarcoma, was biopsied. A volume 
study on January 31 revealed the following: total 
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hemoglobin excess, 39.4 grams; total red blood cell 
excess, 284 cubic centimeters; total plasma protein 
excess, 48 grams; total plasma volume excess, 200 
cubic centimeters and total blood volume excess, 484 
cubic centimeters. 

A pathologic report of adrenal cell carcinoma at 
this time brought about the election to reoperate, 
and on February 1, the tumor, the left kidney, the 
spleen, the distal two-thirds of the pancreas, and a 
portion of the left colon were removed. During the 
2% to 3 hour operative period, the patient received 
3,500 cubic centimeters of whole blood and with- 
stood the procedure without difficulty. On February 
3, the first postoperative volume study was as fol- 
lows: total hemoglobin excess, 155 grams; total red 
blood cell excess, 828 cubic centimeters; total plasma 
proteins deficit, 26 grams; total plasma volume defi- 
cit, 543 cubic centimeters; and total blood volume 
excess, 285 cubic centimeters. 

Impending congestive failure was evidenced by 
shortness of breath, pulmonary edema, and ankle 
edema. The patient responded to 4o cubic centi- 
meters of serum albumen, and on February 5, a 
third determination of blood volume was obtained: 
total hemoglobin excess, 105 grams; total red blood 
cell excess, 582 cubic centimeters; total plasma pro- 
tein deficit, 18 grams; total plasma volume deficit, 
425 cubic centimeters; total blood volume excess, 
157 cubic centimeters. 

Slight icterus was apparent at this time indicating 
the presence of excess red cell destruction. The pa- 
tient then improved gradually on oral feedings until 
February 12, when an abdominal fistula was noted. 
Dehydration and starvation became manifest, and 
the patient expired on February 18. An autopsy 
revealed among other findings, chronic peritonitis 
and a jejunal fistula. 


Estimations of blood volume during the 
postoperative period revealed excessive hyper- 
volemia. Measures to control this were initi- 
ated. The unfortunate occurrence of a jejunal 
fistula receives the blame for ultimate death 
in this individual. 


CAsE 2. E.S., 51-1979. On admission on Febru- 
ary 21, 1951, this patient complained of increasing 
jaundice, clay colored stools, pruritis, and dark 
urine, present for 4 months. An accompanying 
weight loss of 40 pounds was present, with anorexia 
and generalized weakness. Icterus, enlargement of 
the liver, and cardiac enlargement were observed. 
An initial circulating blood volume determination 
revealed deficits in all values as follows: total hemo- 
globin deficit, 445 grams; total red blood cell deficit, 
1,257 cubic centimeters; total plasma protein deficit, 
70 grams; total plasma volume deficit, 487 cubic 
centimeters; total blood volume deficit, 1,744 cubic 
centimeters. 

Following the administration of 1,500 cubic centi- 
meters of whole blood over a period of 3 days, a 
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TABLE I.—THE CONTROL OF CIRCULATING BLOOD VOLUME IN CHRONICALLY ILL PATIENTS 
BY MULTIPLE DETERMINATIONS USING EVANS BLUE DYE T-1824 









































































































































Total blood vol. deformity 
Hgb. RBC Prot. 
Test No. Het. . Replacement 
come. (mil.) | conc. | wgb. | RBC | Plasma | Pl. prot. |T. bl. vol. 
grams €£. c.c. grams Ce. 

Case 1. F.B., W. I 96.2 48 5.3 8.084 39.4 284 200 48 484 Surgery 3500 
M. Age, 43 years.| (preop.) (exc.) (exc.) (exc.) (exc.) (exc.) c.c. whole 
Adrenal cell car- 
cinoma 

2 112.2 59 6.1 7.520 155 828 543 28 285 40 c.c. human 
(postop.) (exc.) (exc.) (def.) (def.) (exc.) serum albu- 
min 
3 109 56 5.6 7.520 105 582 2 18 157 500 c.c. whole 
(postop.) (exc.) (exc.) (de?) (def.) (exc.) blood 

Case 2. ES., W. I 72.4 38 3-4 5.828 4 1257 87 70 1744 1500 c.c. whole 
F. Age, 72 years.| (preop.) (de?) (def.) (def) (def.) (def.) Pood 
Common duct 
stone 

2 90.4 41 4.2 5.452 21 1099 612 87 1710 tooo c.c. whole 
(preop.) def.) (def.) (def.) (def.) (def.) blood. Sur- 
gery, 1000 C.c. 
wh. bl. 
3 100 48 4.7 5.328 171 5 1188 1183 
(postop.) (def.) (exc.) (def.) (det) (def.) 

Case 3. G.H., W. I 86.5 42 5.2 8.272 194 802 179 29 982 Surgery, 2000 
F. Age, 51 years.) (preop.) (def.) (def.) (def.) (exc.) (def.) c.c. wh. bl. 
Renal ca., H. C. 

V. D., D. mell. 2 68.9 36 4.2 7-332 501 367 591 ry 959 2500 c.c. whole 
(postop.) (def.) (def.) (def.) (def.) (def.) blood 

Case 4. R.U., W. I 93 47 4.9 7.806 316 767 885 Bo 1653 Tooo c.c. wh. 
M. Age, 51 years.| (preop.) (def.) (def.) (def.) (def.) (def.) bl. 
Penetrating ulcer 
of duodenum; 2 99:9 50 4.8 7.708 238 692 800 35 1492 Surgery, 1500 
postop. hemor-| (postop.) (def.) (def.) (def.) (def.) (def.) c.c. wh. bl.; 
rhage 2250 c.c. wh. 

bl. 
3 89.7 49 4.7 7-144 272 388 76 49 1152 
(postop.) (def.) (def.) (def) (def.) (def.) 
Case 5. J.M., W. I 65.5 38 3.3 6.900 651 1500 768 65 2269 2000 ¢.c. wh. 
M. Age, 63 years.) (preop.) (def.) (def.) (def.) (def.) (def.) bl. 
Rectal ca.; chr. 
em. 2 89 45 4.6 7.100 341 850 73 49 1623 2000 ¢.c. wh. 
(preop.) (def.) (def.) (def.) (def.) (def.) bl. 
3 93 53 4.7 6. 500 58 500 357 39 142 
(preop.) (def.) (exc.) (def.) (def.) (exc.) 

Case 6. E.R., W. I 80.1 40 43 6.956 564 1586 1044 75 2629 500 C.Cc.; sur- 
M. Age, 67 years.| (preop.) (def.) (def.) (def.) (def.) (def.) gery; 1500C.c. 
Common duct ae —-|- - ; — ) —— 
carcinoma 2 105.3 50 5-4 7.332 116 337 781 44 1117 

(postop.) (def.) (def.) (def.) (def.) (def.) 
3 83.3 44 4.6 6.956 42 1062 825 59 1887 
(postop., late) (def) (def.) (def.) (def.) (def.) 

Case 7. L.L., W. I 76.9 44 4:3 7.332 239 306 2 Io 30 1000 c.c. wh. 
M. Age, 62 years. (preop.) (def.) (def.) (exc.) (exc.) (ae?) bl. 

Pyloric ulcer; 
massive hemor- 2 89.7 49 4.5 6.580 III 37 84 24 147 “— c.c. wh. 
thage (postop.) (def.) (exc.) (def.) (def.) (def.) 1. 

Case 8. H.B., W. I 93 47 4.6 7.708 121 184 200 21 384 1000 c.c. wh. 
M. Age, 67 years.) (preop.) (def.) (def.) (def.) (def.) (def.) bl. 

Obst. and pene- 
trating ulcer 2 93 56 5.1 7.520 8 749 360 3 380 Surg. 500 c.c. 
(postop.) (def.) (exc.) (def.) (exc.) (exc.) wh. bl. 





second preoperative determination revealed an im- total plasma volume deficit, 612 cubic centimeters; 
provement in hemoglobin and red cells at the expense __ total blood volume deficit, 1,710 cubic centimeters. 
of plasma and proteins: total hemoglobin deficit, An additional 1,000 cubic centimeters of blood 
321 grams; total red blood cell deficit, 1,099 cubic were given before surgery, and during surgery 1,000 
centimeters; total plasma protein deficit, 87 grams; cubic centimeters of whole blood were also adminis- 
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TABLE I.—THE CONTROL OF CIRCULATING BLOOD VOLUME IN CHRONICALLY ILL PATIENTS 


BY MULTIPLE DETERMINATIONS USING EVANS BLUE DYE T-1824—Continued 








































































































Total blood vol. deformity 
Hgb. RBC Prot. 
Test No. Het. r Replacement 
cone. (mil.) | conc. | Heb. | RBC | Plasma | Pl. prot. |T. bl. vol. 
grams ce, cx, grams ce, 

Case 9. R.T., W. 73-7 38 3-9 8.272 382 1008 282 15 1290 750 C.c. red 
M. Age, 54 years.) ( preop. ) (def.) (def.) (def.) (exc.) (def.) cells in susp. 
Recurr. rectal] ————_-——__|___ 
ca.; fecal fistula 76.5 39 4.2 8.084 367 085 360 4 1345 

ent) (def.) (def.) (def.) (exc.) (def.) 

Case 10. L.H., W. I 34.5 40 4.0 7.708 581 711 57 17 768 1000 ¢.c. wh, 
F. Age, 47 years.| (preop.) (def.) (def.) (def.) (exc.) (def.) bl.; 1250 red 
Rectal ca. metas- cells in susp. 
— to liver; chr. — |-——--— : ; 

em. 2 68.9 38 3.4 7.264 362 QI 130 5 1045 urg. 2000 C.c, 
(postop.) (def.) (deh) (def.) (def.) (def.) wh. bl. 
Case rr. K.G., W. I 03 43 4.6 7.806 QI 33 Io 23 24 500 ¢.c. wh. 
F. Age, soyears.| (preop.) (def.) (ae?) (exc.) (exc.) (def) bl. 
Chr. duodenal ul- —— | —---— 
cer with obst. 2 96.5 49 4-7 7.520 5 161 22 Ir 139 Surgery, 500 
(postop.) (def.) (exc.) (def.) (exc.) (exc.) c.c. wh. bl. 
~~ 12, J.G., W. I 48.2 22.9 2.3 5.452 852 2758 1136 12 3804 7000 ¢.c. wh. 
Age, 72 years. (preop.) (def.) (def.) (def.) (det) (def.) bl. 
Ca. stomach with 
metastasis; chr. 2 (Test discarded due to hemolysis.) 
hem. (preop.) (This patient inoperable.) 

Case 13. L.E., W. I 89.6 44 4.6 7.520 =| 450 210 I 660 Surgery, Meg 
F. Age, 47 years.| (preop.) (de ) (def.) (def.) (def.) (def.) c.c. wh 
Rectal ca.; chr. 

em. 2 89.6 47 4.6 6.204 158 204 325 42 620 
(postop.) (def.) (def.) (def.) (def.) (def.) 

3 82.7 4! 4.3 6.392 189 521 20 15 502 

(postop.) (def.) (def.) (exc.) (def.) (def.) 

Case 14. A.V., W. I 76.9 42 4.1 6.768 98 1253 049 72 2202 2000 c.c. wh. 
M. Age, 43 years.| (preop.) (def) (def.) (def.) (def.) (def.) bl., Surgery, 
Chr. duodenal ul- 1000 C.c. 
cer; massive hem. 
orrhage 2 83.3 42 4.1 6.768 300 752 257 25 1009 _ c.c. wh. 

(postop.) (def.y (def.) (def.) (def.) (def.) 1. 
3 99.9 52 4.9 7.806 66 121 504 .. 38 

(postop.) (def.) (exc.) (def.) (def.) (det) 

Case 1s. L.A., W. I 103 48 Sif 8.470 10 66 161 23 224 500 ¢.c. wh. 
Age, 48 years.| (preop.) (def.) (def.) (def.) (exc.) (def.) bl., surgery, 
Ca. desc. colon 500 C.c, 

2 82.7 41 4.4 7.332 190 61 4 592 

(postop.) (def.) det. a (def.) (exc.) (def.) 

Case 16. L.K., W. I 55.1 29 2.7 6.016 416 1229 167 32 1062 1000 c.c. wh. 
F. Age, 75 years.| (preop.) (def.) (def.) (exc.) (exc.) (def.) bl., surgery, 
Reticulum cell 2000 C.C. 
sarcoma of spleen - — —- 

2 75.8 41 “.% 6.016 261 618 35 35 752 1000 c.c. wh. 
(postop.) (def.) (def.) (def.) (def.) (def.) bl. 

Case 17. R.K., W. I 83.3 41 4-4 7.806 76 1351 917 40 2268 500 ¢.c. wh. 
M. Age, 65 years.| (preop.) (def) (def.) (def.) (def.) (def.) bl., surgery, 
Adrenal cell ca. 2500 C.c. * 

2 115 56 6.1 8.084 145 348 1383, 72 1731 
(postop.) (def.) (def.) (def.) (def.) (def.) 

Case 18. E.M., W. I 93 47 4.6 8.272 90 136 147 23 | 500 c.c. wh. 
F. Age, 52 years.| (preop.) (def.) (def.) (def.) (exc.) (det.) bl., surgery, 
Ca. head of pan- 1500 C.c. 
creas with ob- 
struction 2 55.1 30 2.6 6.769 75 1401 306 27 1707 2000 ¢.c. wh. 

(postop.) (de ) (def. ) (def.) (def.) (def.) bl. 



































tered. The patient withstood a common duct ex- 
ploration with removal of a large calculus without 
difficulty. A postoperative estimation of blood 
volume revealed a still greater improvement in 
hemoglobin and cell volume with further depletion 


of plasma and proteins: total hemoglobin deficit, 
171 grams; total red blood cell deficit, 5 cubic centi- 
meters; total plasma protein deficit, 99 grams; total 
plasma volume, 1,188 cubic centimeters; total blood 
volume, 1,183 cubic centimeters. 
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The patient for several days following surgery 
was aware of considerable weakness and fatigue. 
After being placed on a diet high in carbohydrates 
and proteins, weakness gradually subsided and fur- 
ther convalescence was uneventful. 


Lyons and Meyerson report the lack of body 
stores for hemoglobin, the inability of plasma 
restoration from transfusion alone, and selec- 
tive body protein replacement with preference 
for hemoglobin. This case illustrates inade- 
quate replacement of hemoglobin and red cell 
deficits, with consequent further depletion of 
plasma and tissue proteins. Complete restora- 
tion of hemoglobin to standard for this indi- 
vidual with whole blood, accompanied by 
plasma infusions preoperatively and large pro- 
tein feedings in the postoperative period, may 
have reduced morbidity to a minimum in this 
individual. 


CasE 3. G.H., 51-2973. This 50 year old white 
female was admitted on March 17, 1951, because of 
pain in the right flank and hematuria. A mass was 
present in this area and the patient was pale and 
edematous. The liver was palpable below the costal 
margin. On the basis of a markedly lowered hemo- 
globin concentration and erythrocyte count, and 
clinical observation, 3,500 cubic centimeters of whole 
blood were administered over a period of 2 weeks. 
At this time a circulating blood volume determina- 
tion revealed a moderate deficit in total hemoglobin 
and red blood cells as follows: total hemoglobin 
deficit, 194 grams; total red blood cell deficit, 802 
cubic centimeters; total plasma protein excess, 29 
grams; total plasma volume deficit, 179 cubic centi- 
meters; total blood volume, 982 cubic centimeters. 

The development of ascites with x-ray evidence 
of tumor supported a diagnosis of renal or extrarenal 
tumor with portal obstruction. The patient was 
subsequently explored on April 2 and a renal car- 
cinoma involving the inferior vena cava, the portal 
vein, and the liver was discovered. The tumor was 
removed, the patient receiving 2,000 cubic centi- 
meters of whole blood during surgery. The proce- 
dure was well tolerated and circulatory depression 
was not significant. In the first few postoperative 
days, the patient received an additional 2,500 cubic 
centimeters of whole blood, but in spite of relatively 
early institution of oral feedings, the patient failed 
to regain strength. On April 9, 1951 a thoracentesis 
was done, and the fluid was found to contain malig- 
nant cells. A subsequent postoperative volume study 
revealed a marked deficiency in total hemoglobin 
although many transfusions had been administered: 
total hemoglobin deficit, 501 grams; total red blood 
cell deficit, 367 cubic centimeters; total plasma pro- 
tein deficit, 31 grams; total plasma volume deficit, 
591 cubic centimeters; total blood volume deficit, 
959 cubic centimeters. 
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Kracke stated that malignant processes 
within the body elaborate a product capable 
of bone marrow inhibition, or utilize sub- 
stances necessary for red cell production. The 
progressive depletion of hemoglobin in this 
individual verifies extension of the malignant 
process and metastases. The use of serial 
determinations of blood volume over a period 
of months or years in cancer patients following 
surgery, to reveal the presence or absence of 
progressive deficit in total hemoglobin, is sug- 
gested as a prognostic aid. Further studies in 
this regard are contemplated. 


CASE 4. R.U., 51-3868. This 51 year old white 
male was admitted on April 7, 1951, complaining of 
epigastric pain and rectal bleeding of 2 weeks’ dura- 
tion. He reported the presence of a duodenal ulcer 
since 1922 and received medical treatment during 
this period. A weight loss of 12 pounds occurred 
during the 2 weeks prior to admission, and weakness 
was present. A circulating blood volume was done 
on April 12, 1951, and a considerable deficit in total 
hemoglobin and total blood volume was revealed as 
follows: total hemoglobin deficit, 316 grams; total 
red blood cell deficit, 767 cubic centimeters; total 
plasma protein deficit, 36 grams; total plasma vol- 
ume, 885 cubic centimeters; total blood volume de- 
ficit, 1,653 cubic centimeters. 

One thousand cubiccentimeters of whole blood were 
administered following the initial test. Since epigastric 
pain had increased markedly soon after the blood 
volume determination, surgery was decided upon 
before complete restoration of deficit could be ac- 
complished. On April 13 a subtotal gastric resection 
was performed, and since extensive ulceration into 
the pancreas had occurred, the duodenal stump was 
closed over an indwelling catheter which was 
brought out through a stab wound incision. The 
patient received a total of 1,500 cubic centimeters 
of whole blood throughout the period of operation. 
Continuous gastric suction was instituted in the 
immediate postoperative period. A volume study 
at this time revealed only slight improvement 
of the initial deficit: total hemoglobin deficit, 238 
grams; total red blood cell deficit, 692 cubic centi- 
meters; total plasma protein deficit, 35 grams; total 
plasma volume, 800 cubic centimeters; total blood 
volume deficit, 1,492 cubic centimeters. 

One thousand cubic centimeters of additional 
whole blood were administered during the next 2 
days. On April 15 the nasal tube became obstructed 
with blood clots and the patient vomited an esti- 
mated total of 1,000 to 1,500 cubic centimeters of 
blood. A few hours later, the presence of biliary 
drainage on the dressing from around the duodenal 
catheter indicated partial rupture of the duodenal 
stump. An additional 1,250 cubic centimeters of 
blood during the next few days resulted in marked 
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improvement in the general status of the patient. By 
this time discontinuance of gastric suction was possi- 
ble and alimentation was initiated. The patient was 
given liquids and foods rich in proteins and carbohy- 
drates, and rapidly improved. By April 23, duodenal 
drainage had subsided and the indwelling catheter 
was removed. The patient thereafter became am- 
bulatory, regained strength, and ingested food well. 
A final circulating volume study on April 26 revealed 
the presence of deficiencies in total hemoglobin, red 
cells, and plasma: total hemoglobin deficit, 272 
grams; total red blood cell deficit, 388 cubic centi- 
meters; total plasma protein deficit, 49 grams; total 
plasma volume deficit, 764 cubic centimeters; total 
blood volume deficit, 1,152 cubic centimeters. 


Even with a 93 per cent concentration of 
hemoglobin, the presence of a considerable 
deficit in total hemoglobin and whole blood 
as determined by the circulating blood volume 
was present. Although complete replacement 
before surgery was not feasible in this parti- 
cular case, partial replacement was sufficient 
to prevent the occurrence of shock during or 
immediately following a radical procedure, 
which in itself carried a considerable loss of 
whole blood. Immediate postoperative re- 
determination of deficits with replacement 
forestalled serious circulatory depression fol- 
lowing the massive hematemesis. 


CASE 5. J.M., 51-2904. In this individual, rectal 
bleeding had been present for 4 years. The patient 
first consulted a physician 1 year prior to admission, 
and surgery for carcinoma of the rectum was advised. 
Surgery was refused at this time. Chronic bleeding 
of bright blood continued to be present until just 
prior to admission, when it became massive in char- 
acter, and active restorative measures were manda- 
tory. The patient was admitted on March 15s, 1951, 
very pale and weak, having lost 40 pounds of weight 
since the onset of bleeding. A hard irregular bleed- 
ing mass was noted on examination. Three thousand 
cubic centimeters of whole blood were given as an 
emergency measure, and rectal bleeding ceased after 
the instigation of other supportive treatment. An 
initial circulating blood volume examination on 
March 28 revealed a need of 4,180 cubic centimeters 
of whole blood, estimated on the basis of total hemo- 
globin deficit: total hemoglobin deficit, 651 grams; 
total red blood cell deficit, 1,500 cubic centimeters; 
total plasma protein deficit, 55 grams; total plasma 
volume, 768 cubic centimeters; total blood volume, 
2,269 cubic centimeters. 

Between the 28th and the 31st, the patient re- 
ceived 2,000 cubic centimeters of whole blood. A 
second determination on March 31 showed a deficit 
of only 2,190 cubic centimeters of whole blood, and 
2,000 additional cubic centimeters were subsequently 
administered: total hemoglobin deficit, 341 grams; 
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total red blood cell deficit, 850 cubic centimeters; 
total plasma protein deficit 49 grams; total plasma 
volume deficit, 773 cubic centimeters; total blood 
volume deficit, 1,623 cubic centimeters. 

A third determination on April 4 indicated a deficit 
of only 300 cubic centimeters of whole blood: total 
hemoglobin deficit, 58 grams; total red blood cell 
excess, 500 cubic centimeters; total plasma protein 
deficit, 39 grams; total plasma volume deficit, 357 
cubic centimeters; total blood volume excess, 142 
cubic centimeters. 

On April 5 the patient was explored. The lesion 
was considered inoperable and a colostomy was done 
as a palliative procedure. Convalescence was un- 
eventful. Further determinations were not deemed 
necessary in this case. 


The lack of hemoconcentration in this pa- 
tient, following restoration to standard, dem- 
onstrates the validity of this method of con- 
trol in depleted patients. 


DISCUSSION 


Only one complication occurred in 2 or 3 
patients following multiple determinations by 
the dye method. The presence of a bluish tint 
or dusky appearance of the skin in these in- 
dividuals was noted. As reported by Lewis 
and Goodman in a recent communication, the 
excretory rate of T-1824 in rabbits was deter- 
mined to be so low that the estimations of 
clearance were invalidated by relatively small 
experimental errors. Although minor discom- 
fiture to the patient may be present due to dye 
retention, no additional ill effects have been 
observed. The blue color disappears with 
gradual excretion of the dye over a period of 
3 to 6 weeks. 

Estimation of replacement volume. The esti- 
mation of need is based first upon the deficit 
of total hemoglobin, if present. Assuming a 
normal of 14.5 grams of hemoglobin per roo 
cubic centimeters of whole blood in women, 
and 15.6 grams per 100 cubic centimeters in 
men, the number of hundreds of cubic centi- 
meters of whole blood needed for compensa- 
tion of deficits may be calculated according to 
the following formula: 


Estimated need Total hemoglobin deficit 
in 100’s of c.c. = 


whole blood 





Standard hemoglobin in gms. per 
100 ¢.c. whole blood 


Should no deficiency in plasma or proteins co- 
exist, replacement by means of red cells in 
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suspension may be desired, especially in cases 
in which overloading of the circulation is a 
consideration. In the absence of deficits in 
hemoglobin and erythrocytes, but with de- 
pleted plasma and proteins, restoration of the 
latter is accomplished by plasma infusions or 
by human serum albumin. With deficiencies 
of all elements of the circulation, blood volume 
compensation by means of whole blood or 
whole blood and plasma is advocated. The 
rapidity of replacement of blood volume to 
standard depends primarily upon the rate at 
which deficiencies have occurred. As a rule, 
chronic blood loss is compensated over a 
period of days or weeks in contrast to imme- 
diate replenishment in acute hemorrhage. 

Postoperative protein replacement. In this 
study the importance of adequate proteins 
postoperatively was also demonstrated. It is 
especially necessary in gastrointestinal pa- 
tients in which instance prolonged intubation 
comprises a large part of early postoperative 
management. Administration of proteins in 
sufficient quantities is necessary until alimen- 
tation is re-established. Plasma, of course, is 
the infusion of choice, but when needs are 
great the expense attendant to the use of con- 
siderable amounts of this substance may be 
prohibitive. Numerous investigators have re- 
ported that intravenous amino acids are ex- 
creted in only small proportions, especially if 
used with adequate carbohydrates. It is held 
that the infused hydrolysates are utilized at 
least in part by the body in the production of 
protein. We, therefore, suggest that the use 
of these materials in the immediate postopera- 
tive period be considered in certain instances 
in which oral feeding is impossible. 


SUMMARY AND CONCLUSIONS 


1. The need for a better laboratory aid in 
evaluation of the surgical risk in chronically 
ill patients is emphasized; control of blood 
volume deficits or excesses is a necessity in 
bringing “poor risk patients” through radical 
surgery successfully. 

2. Areview of the current methods of deter- 
mining the circulating blood volume and an 
appraisal of each procedure are presented. 

3. A means of evaluation and control of re- 
placement therapy in depleted patients by 
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multiple dye determinations is reported. This 
method is especially suitable in the average 
hospital where specialized equipment is not 
readily available. 

4. The following points are illustrated by 
case summaries: (a) control of hypervolemia 
due to excessive transfusions; (b) selective 
restoration of the body for hemoglobin before 
replacement of other blood volume deficits; 
(3) depression of total hemoglobin by malig- 
nant processes; (d) replacement in postopera- 
tive hemorrhage; and (e) preoperative replen- 
ishment to standard without hemoconcentra- 
tion, following repeated excessive bleeding. 

5. Replacement of blood volume deficits by 
blood transfusions, red cell suspensions, or 
plasma infusions was accomplished as indi- 
cated. 

6. The time necessary for restoration to 
standard volume depends primarily upon the 
rate at which deficits have occurred. 

7. Emphasis is placed upon immediate post- 
operative protein replacement in lessening 
postoperative morbidity. 
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CONGENITAL STENOSIS AND ATRESIA OF 


THE SMALL 


INTESTINE 


THOMAS C. MOORE, M.D., F.A.C.S., and 
GEORGE E. STOKES, M.D., Indianapolis, Indiana 


ONGENITAL atresia and stenosis 
are generally recognized as the com- 
monest causes of neonatal obstruc- 
tion of the small intestine. However, 

due to the relative rarity of these abnormali- 
ties and the internal nature of the obstruction, 
the diagnosis is often delayed and attempts at 
operative correction are frequently not carried 
out until the infant’s general condition and 
prognosis have been seriously compromised. 
The recorded mortality has remained high, 
though the more recent reports have been 
more encouraging, particularly with respect 
to duodenal obstructions. Current advances 
in this field are largely due to the increasing 
interest stimulated by the excellent studies of 
this and related problems by Ladd and Gross 
and their associates, Farber, Lanman, and 
Neuhauser, at the Children’s Hospital of 
Boston. 

Although historical priority in descriptions 
of congenital malformations is at times diffi- 
cult to assess, it appears that the first report 
of a case of congenital intrinsic duodenal ob- 
struction is to be found in the 1733 essays of 
James Calder. Ileal atresia was first described 
in 1797 by Osiander. In his case, death at 5 
days of age was found to be due to the obstruc- 
tion of a complete diaphragm across the distal 
ileum. Sutton reported attempted relief of 
ileal atresia by ileostomy in 1889. However, 
it was not until 1911 that Fockens recorded 
the first successfully treated case of ileal 
atresia. The first operative success with 
duodenal atresia was described in 1916 by 
Ernst. Nonetheless, O’ Neill and his associates 
in 1948 were able to find only 34 reported re- 
coveries in cases of small bowel atresia and 
added 2 of their own. They mentioned 13 
additional successful cases in the literature in 
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which there was some question as to the com- 
pleteness of the obstruction. 

The vast majority of the reports have been 
of isolated cases. For this reason it has seemed 
desirable to present the experience at the 
Indiana University Medical Center during a 
25 year period, 1928 to 1953, with 40 consecu- 
tive cases of congenital stenosis or atresia of 
the small intestine. All but 7 of the cases have 
been seen since 1938. 

There was no significant sex predominance 
in this series. Eighteen of the patients were 
females and 22 were males. Four of the pa- 
tients were negro infants, and the remainder 
were white. In none of the cases was there a 
family history of intestinal atresia or stenosis. 
It was of interest that 5 of the infants in- 
cluded in this study were born at this institu- 
tion during a period in which there were ap- 
proximately 30,000 births, for an incidence of 
1 in every 6,000 births. The obstruction was 
duodenal in 23 cases and jejunal or ileal in 17 
cases. Because certain significant differences 
have been encountered between the duodenal 
and the jejunoileal obstructions in this study, 
particularly with respect to the operative 
prognosis, the relative incidence of stenosis 
and atresia, and the occurrence of multiple 
obstructions, we have elected to consider the 
two groups separately. 


DUODENAL OBSTRUCTIONS 


Persistent neonatal vomiting was the princi- 
pal symptom in the 23 cases of congenital 
stenosis or atresia of the duodenum. The 
vomitus characteristically contained bile pig- 
ments except in the occasional cases in which 
the obstruction was complete and located 
proximal to the ampulla of Vater. The ob- 
struction was due to stenosis in 12 cases, to 
atresia in 10 cases, and in 1 case the differ- 
entiation between stenosis and atresia was not 
made. 
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TABLE I.—LEVELS AT WHICH DUODENAL 
STENOSIS AND ATRESIA WERE FOUND 


























Area bal aaa Stenosis Atresia ae or | Total 
Proximal I 4 ° 5 
Middle 3 2 | o /-_ 
Distal 8 | 4 a | ag 
Total 12 10 I 23 

















It is of interest that the symptoms in 5 of 
the 12 cases of stenosis were those of complete 
intestinal obstruction from birth and all of 
them were either operated upon or died with- 
out operation before 7 days of age. The ob- 
struction in these cases was due to a dia- 
phragm across the duodenum with a tiny 
central perforation which was incapable of 
permitting the passage of intestinal contents, 
and, presumably, the obstruction became 
total shortly after birth either by occlusion of 
the small orifice by food particles, by edema 
around the small opening, or by some sort of 
valve action by adjacent tissue. The result- 
ing symptoms were, accordingly, indistin- 
guishable from those of atresia. 

Incomplete and intermittent obstruction 
was encountered in 7 of the cases of stenosis. 
The symptoms in these patients often began 
shortly after birth and 4 of them required 
operative relief of the obstruction or died 
without operation between 3 and 6 weeks of 
age. Except for 1 patient who was operated 
upon at 7 months of age, all of them were 
operated upon or died of unrelieved obstruc- 
tion before 7 weeks. The site of the orifice in 
the obstructing congenital diaphragm in these 
cases was large enough to provide for the 


TABLE II.—ADDITIONAL ANOMALIES ACCOM- 
PANYING DUODENAL STENOSIS AND ATRESIA 
No. of cases 
PERS NIB 6h 6 dios Sack opulence ne eset ES 
IRI pce icc ciprcaisae tists «ul aol 2 
Malrotation of the intestines................. 2 
Esophageal atresia with tracheoesophageal 
NUR ere ha eh 2 dens oak es 
ONS SOL ne en ee eS 
Ptrinl RI PANCIECE so. 5 sos cae cle esse cose ceesinc 
Ventricular septal defect.................... 
Mitral valve deformity...................... 
Ee EO eat ere ary eee crere 
IN Kc okies none ema 
ROMINA INO. 0 bose nc sienuw hee ee an’ 
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passage of small amounts of intestinal con- 
tents from time to time, but was not large 
enough to be compatible with continued sur- 
vival without operative correction during the 
early months of life (Fig. 1). 

Complete obstruction was present in the 
patient in which it was not possible to dif- 
ferentiate between stenosis or atresia, and in 
the 10 cases of established atresia. Thus, of 
the 23 patients with congenital intrinsic 
duodenal obstruction, the symptoms were of 
complete obstruction from birth in 16 and of 
partial, though progressing, obstruction in 7 
instances. 

Although this series is too small to permit 
any rigid conclusions concerning the relative 
locations in the duodenum of stenosis and 
atresia, it appeared that the atresias were 
rather evenly distributed throughout the 
duodenum whereas the stenoses were more apt 
to occur in the distal portion of the duodenum 
(Table I). The obstruction was found in the 
distal duodenum in 13 of the 23 cases. 

Except for 1 case in which the atresia was 
due to a 1 centimeter fibrous band joining the 
proximal and distal duodenal segments, all of 
the atresias were due to a thin imperforate 
diaphragm across the lumen of the duodenum. 
Similar obstructing diaphragms, with small 
central perforations of varying sizes, were en- 
countered in the cases of duodenal stenosis. 
In the few cases in which sections of the dia- 
phragm were available for microscopic study, 
it was found that the septum was made up of 
central connective tissue and was lined on 
both sides by the mucosa of the adjacent 
duodenal segments. Submucosa and muscu- 
laris mucosa were encountered under the 
mucosa on both sides of the septum in all sec- 
tions, but in none of them was muscularis 
propria found (Fig. 2). It was also of interest 
that the ganglia of Auerbach’s myenteric 
plexus in the proximal and distal duodenal 
segments, adjacent to the obstructing septum, 
were normal in size, numbers, and appearance, 
in all of the sections studied. 

Only single atresias were present in the 
duodenum. The stenoses were also single with 
the exception of 1 patient in whom multiple 
stenoses were discovered. Since the most of 
the stenotic areas were found in the jejunum, 
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this case will be considered with the jejuno- 
‘eal obstructions. 
The diagnosis was generally suspected from 
ie history of persistent vomiting from birth 
: the cases of atresia and completely obstruct- 
g stenosis and from the symptoms of partial 
1odenal obstruction in the early weeks and 
ionths of life in the remaining cases of 
enosis. Abdominal distention, as one might 
<pect, was not so pronounced as in the cases 
jejunal and ileal obstruction and, when 
‘esent, it was limited to the epigastrium. A 
it film of the abdomen was all that was nec- 
sary to establish the presence of duodenal 
sstruction and the necessity of early surgical 
tervention in most of the cases of complete 
struction. Occasionally, lateral films were 
so taken. The stomach and duodenum up 
| the point of obstruction were distended 
ith air and there was a conspicuous absence 
air in the remainder of the intestinal tract 
‘ig. 3). There appeared to be little justifica- 
m for the instillation of radiopaque media 
to the upper gastrointestinal tract in these 
ses and, indeed, some potential hazard from 
mitus aspiration seemed to be associated 
th their use, especially with barium. In 
e cases of partial obstruction due to stenosis, 
e flat films were often inconclusive and, in 
ese cases, the use of small amounts of lipi- 
iol was frequently helpful in demonstrating 
e presence and location of duodenal ob- 
ruction (Fig. 4). Since duodenal obstruc- 
m may be produced by other congenital 
iomalies such as annular pancreas, con- 
-enital bands, duodenal duplications and the 
‘oncomitants of intestinal malrotation, the 
diagnosis can be confirmed only by operative 
«xploration. It should also be stressed that 
tle presence of one of these anomalies should 
not necessarily rule out the presence of asso- 
ciated intrinsic duodenal stenosis or atresia. 
Associated anomalies were found in 11 of 
the 23 patients (48 per cent). The most fre- 
quently encountered anomalies were atresias 
elsewhere in the alimentary tract, mongolism, 
and malrotation of the intestines (Table II). 
In the 4 cases in which atresia was present 
elsewhere in the alimentary tract, esophageal 
or anorectal, the duodenal obstruction was 
due to atresia rather than stenosis. The pres- 





Fig. 1. Photograph showing the area of duodenal stenosis 
as it appeared at autopsy. The patient had died of unre- 
lieved obstruction at 7 weeks of age. 


ence of additional malformations often com- 
plicated the management of these patients 
and, at times, materially affected their prog- 
nosis. In addition, 5 of the 23 infants (22 per 
cent) were born prematurely and all 5 had 
associated anomalies. Prematurity seemed to 
occur more often in cases of duodenal atresia 
than in those of stenosis. 

The successful surgical management of 
duodenal stenosis or atresia involves early 
diagnosis and early operative relief of the 
obstruction supplemented by the prompt re- 
placement of lost fluid and electrolytes and the 
use of gastric suction, antibiotics, and whole 
blood transfusions when indicated. Unfor- 
tunately a number of the infants were not seen 
until they were in extremis. No attempt at 
operative relief of the obstruction was made 
in 8 patients and all 8 died. Definitive pro- 
cedures, designed to by-pass the intrinsic 
duodenal obstruction, were carried out on 15 
patients. Duodenojejunostomy was employed 





Fig. 2. Photomicrographic appearance of the origin 
from the duodenal wall of a septum which produced 
duodenal atresia. 
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TABLE III.—SUMMARY OF EXPERIENCE WITH BY-PASS PROCEDURES FOR 
DUODENAL STENOSIS AND ATRESIA 


| 
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— Year apex | Obstruction Operation 
| | Age 
I 1928 | Male Stenosis Gastrojejunostomy 
9 weeks | distal duodenum 
2 1928 | | Male Stenosis Gastrojejunostomy 
| 5 days distal duodenum 
| | 
3 | 1938 Female Ster nosis Dusdenciejancatemy 
| 3 days distal duodenum 
4 1942 | Female | ‘Stenosis | 'Gastrojejunostomy 
a | 3 days | distal duodenum 
5 1940 F female Atresia proximal Gastrojejuncstomy 
6 days duodenum 
| | 
6 1946 | Male Stenosis | Gastrojejunostomy 
| 5 weeks distal duodenum | 
| 
7 | 1949 Female Atresia | Duodenojejunostomy | 
| | 4 days distal duodenum - | 
8 | 1950 | Female Atresia | Duodenojejunostomy 


4 days proximal duodenum 


) | 








9 | 1951 | Male Stenosi Duodenojejunostomy 
| | 3 weeks ‘ distal “duodenum 
10 | r951 | Male Atresia Gastrojejuncstomy 
| 195 
5 days | proximal duodenum 
1r | ros | Male | Stenosis Duodenojejunostomy 
| | 7 months distal duodenum 
— ani -~—— | —________. 
12 | 1952 | Male | Atresia Duodenojejunostomy 
| 3 days distal duodenum | 
| 
| | 
I | 1952 Male Atresia Duodenoduodenos- 
3 95 
| 12 days | middle duodenum tomy 
| 
I | 1952 | Male | Atresia Duodenojejunostomy 
4 | 195 | Atr 
| | 2days | distal duodenum 
15 | 195 F female Atresia Duodenojejunostomy 
) S53 | | ° | 
| | sdays |! distal duodenum | 
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| Recovered Imperforate Duodenal and anorectal obstructions s suc- 





Recovered 








Recovered 


| 
| Recovered | | Livi ing and asy rmptomatic 





‘ Associated | aie 
Result | anomalies | Remarks 





Died | Died 2 days postoperatively. Breakdown 
| of anastomosis found at autopsy 


Recovered Duodenal obstruction ‘successfully relieve. 
(tempo- Patient died at 1 month of age due tu a 
rarily) gangrenous small bowel obstructicn 

caused by an adhesive band. Anastomosis 

intact 





Died Died 13 days postoperatively of bronct - 
pneumonia. Anastomosis intact and 
adequate 

Recovered Cleft palate Living and asymptomatic. Cleft palate 
has been repaire¢ 











anus cessfully relieved. Patient died at 6 

| months of age, during second hospital! 
admission, of multiple lung abscesses 

| associated with severe bilateral otitis 
media. Premature infant 








Recovered 














Umbilical | Living and asy mptomatic. "Has recovered 
hernia from an episode ef poliomyelitis with 
some deformities 
| Recovered a | Living and asy mptomatic 
———— . |-—---—— nay 
Died | Eso p phag agea eal Gastrostomy “and ~ duodenojejunostomy 


atresia with} carried out 24 hours after extrapleural 

tracheo-esoph-| ligation of fistula and end-to-end esopha- 

ageal fistula geal anastomosis. Died shortly after 
second operation. Anastomosis intact. 
Premature infant 





| Living and asymptomatic 
Mongo li ism, m,| Living and a asy mptomatic 
malrotationof| 

_the intestines | 


| Living and asy mptomatic 


| Died 1 day postoperatively. ‘Hyperpy- 
rexia. Subarachnoid hemorrhage found 
at autopsy. Anastomosis intact 


Died 





Malrotation. of| Severe malnutrition on “admission. Gas- 

the intestines} troileostomy had been carried out else- 
where at 4 days of age. Gastroileostomy 
taken down at time of duodenoduodenos- 
tomy. Living and asy mptomatic 


Recovered 


Recovered iz 
| 
| 





Living and asy mptomatic 





Recovered 





*Age of the patient at the time of operation. 


in 8 cases, gastrojejunostomy in 6, and 
duodenoduodenostomy in 1. Two of the pa- 
tients treated by gastrojejunostomy had 
atresia of the proximal duodenum. In none 
of the patients was an attempt made to incise 
or resect the atretic or stenotic area. Eleven 
of these patients survived the operation with 
relief of the duodenal obstruction. One pa- 
tient, however, died before being released 
from the hospital at 1 month of age when he 





developed a gangrenous small bowel obstruc- 
tion secondary to postoperative adhesions. 
An anastomotic leak was found at autopsy in 
only 1 of the 5 deaths (Table III). Ten of the 
12 patients operated upon during the past 13 
years recovered. One of the deaths was due 
to prematurity and associated esophageal 
atresia with tracheo-esophageal fistula and 
the other to subarachnoid hemorrhage and 
hyperpyrexia. 
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Fig. 3. 


Fig. 4. 


Fig. 3. Lateral roentgenogram demonstrating dilatation of proximal duode- 
num with air in a case in which both duodenal atresia and esophageal atresia 
with tracheo-esophageal fistula were found. There is an absence of air in the 
intestinal tract distal to the duodenal obstruction. The esophageal atresia is 
suggested by the catheter which has met an obstruction and doubled back 
upon itself. The fistula communicated with the distal esophageal segment. 

Fig. 4. Roentgen demonstration with lipiodol of duodenal obstruction from 


stenosis at 3 weeks of age. 


JEJUNAL AND ILEAL OBSTRUCTIONS 

The principal intrinsic obstructions were 

ind in the jejunum, ileum, or both in 17 

ses. In 2 of them the colon was also in- 

lved. Two additional cases, diagnosed at 
«eration as both ileal atresia and meconium 
ius, have been excluded from this study. 
(‘ne of those patients was said to have had 
1 ultiple ileal atresias. Review of the autopsy 

ctions of the pancreas showed clear evidence 
«| cystic fibrosis of the pancreas in both cases. 
| nfortunately, sections were not available to 
confirm the presence of ileal atresia and it 
scemed wisest not to include them because of 
their potentially controversial nature in the 
absence of proof of the coexistence of these 
two malformations. 

Atresia was encountered in 14 cases and 
stcnosis in 3. A single atresia was present in 
8 patients and, in 6, there were multiple areas 
of atresia. One of the single atresias was 
found in the jejunum and 7 in the ileum. The 
middle and distal portions of the ileum were 
most often involved. A wide range of varia- 
tions was encountered in the cases of multiple 


atresia relative to the sites of obstruction. The 
multiple areas of atresia were limited to the 
jejunum in 2 cases and to the ileum in 1 case. 
In 1 patient atresias were found in both the 
jejunum and ileum and in another the ileum 
and proximal colon were affected. Two areas 
of jejunal atresia were found at operation in 
another patient and were successfully by- 
passed. The postoperative course was com- 
plicated by the appearance of a low intestinal 
obstruction and, when the patient was re- 
explored, a single atresia was discovered in 
the ascending colon. 

The appearance of the atretic area varied. 
In some cases an intraluminal obstructing 
diaphragm was present and in others the 
proximal intestinal segment ended blindly and 
was joined to the distal segment by a fibrous 
cord. Occasionally there was complete dis- 
continuity between the proximal and distal 
segments, often associated with a defect in 
the mesentery. Where multiple atresias 
existed, the gross appearance of the atretic 
area frequently resembled links of sausage 
(Fig. 5). The microscopic appearance of the 








Fig. 5. Photograph of formalin-fixed surgical specimen 
from an infant with multiple jejunal atresias treated by 
resection of the atretic areas and anastomosis. 


obstructing diaphragm in a case of single ileal 
atresia (Fig. 6) resembled that described 
earlier in a case of duodenal atresia. Indeed, 
the microscopic findings were essentially simi- 
lar in all 5 cases of duodenal and ileal atresia 
in which adequate pathologic material was 
available for study. The blind end of both 
proximal and distal segments of intestine were 
lined with the mucosa found in that section of 
the intestinal tract with accompanying sub- 
mucosa and muscularis mucosa. The central 
area of the obstruction was composed of 
fibrous connective tissue and in none of them 
was muscularis propria found. In all sections, 
Auerbach’s ganglia were found to be normal 
in both the proximal and distal intestinal seg- 
ments immediately adjacent to the atresia. 
In 2 of the 3 infants with stenosis, the ob- 
struction was single and located in the ileum. 





Fig. 6. Photomicrograph showing an area of ileal atresia. 
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The stenosis, in one of these, was asymptomatic 
and was described as an incidental autopsy 
finding in a patient with multiple anomalies. 
The stenosis caused obstructive symptoms in 
the other infant and was associated with con- 
genital bands at the site of intrinsic stenosis. 
The bands were divided at operation and the 
presence of the stenosis, unfortunately, was 
not discovered until postmortem examination 
was carried out. Multiple areas of stenosis of 
the terminal duodenum and proximal jejunum 
were present in 1 patient with accompanying 
malrotation of the intestines. The patient 
was operated upon at 8 days of age and, pre- 
sumably due to the malrotation, the duode- 
num was erroneously anastomosed to the 
distal ileum. The infant died 7 days following 
the operation and, at necropsy, an obstructing 
diaphragm, with a 1 millimeter perforation at 
the antimesenteric border, was found in the 
approximate area of the duodenojejunal junc- 
tion. Three similar stenotic areas were dis- 
covered in the proximal few centimeters of the 
jejunum; in addition, several small eleva- 
tions, possibly rudimentary stenotic areas, 
on the walls of the dilated duodenum. 
Neonatal vomiting and progressive abdomi- 
nal distention were the most significant clini- 
cal features in the cases of jejunal or ileal 
atresia. The degree of distention tended to be 
more marked in the more distal obstructions. 
The flat films of the abdomen characteristi- 
cally showed marked gaseous distention of the 
small intestine and established the necessity 
for prompt surgical intervention. The num- 
ber of distended loops visualized often were 
helpful in determining preoperatively the most 
likely location of obstruction, whether high 
or low. Even in the relatively high jejunal 
obstructions marked distention could be seen 
(Fig. 7). Fewer distended loops, however, 
were seen in these cases. Large collections of 
air in the diffusely distended small intestine 
were found in the lower ileal atresias. Occa- 
sionally, upside-down roentgenograms were 
taken in an effort to delineate the distal col- 
lections of air more clearly (Fig. 8). This 
technique was helpful, at times, in predicting 
the level of atresia prior to operation. 
Although jejunal or ileal obstruction in the 
early weeks of life can be produced by such 
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Fig. 7. 


Fig. 8. 


Fig. 7. Roentgenogram illustrating marked degree of upper intestinal dis- 
tention from jejunal atresia at 4 days of age. 

Fig. 8. Demonstration of distal collection of air at 2 days of age by upside- 
down roentgen study in an infant with multiple atresias of the distal ileum. 


onditions as intussusception, omphalomesen- 
eric duct anomalies, duplications, and in- 
arcerated internal or external hernias, these 
eldom produce obstructive symptoms as 
arly as atresia. The principal malformations 
o be considered in the differential diagnosis 
re congenital bands and meconium ileus sec- 
ndary to cystic fibrosis of the pancreas 
mucoviscidosis of Farber, 5). Atresia and 
neconium ileus frequently may be differenti- 
ited on the basis of the roentgen findings as 
lescribed by Neuhauser. Small gas bubbles 
an often be seen roentgenologically in the 
iscid meconium at the level of obstruction. 
it is also of interest that functional intestinal 
\bstructions are now being recognized with 
increasing frequency in the neonatal period. 
/uelzer and Wilson have described ileal ob- 
struction due to the absence of myenteric 
plexus ganglion cells in the terminal centi- 
meters of the ileum. The possible occurrence 
of aganglionic functional ileal obstruction 
should also be borne in mind. 

Additional congenital malformations were 
discovered in 11 of the 17 infants with jejunal 
or ileal obstructions (65 per cent). Malrota- 
tion of the intestines was found in 5 of these 
patients and in 1 of them there was an asso- 


ciated midgut volvulus (Table IV). There 
were no accompanying esophageal or anorec- 
tal atresias. Atresia or stenosis was found, 
however, in other organs; the extrahepatic bile 
ducts, a ureter, and the heart. It was of in- 
terest that atresia of the ileum was found im- 
mediately distal to an omphalomesenteric 
duct or its remnant, a Meckel’s diverticulum, 
in 2 cases. Seven of the 17 infants were born 
prematurely (41 per cent). 

The results in the management of the 14 
cases of jejunal or ileal atresia have been poor. 
Among the nonsurgical factors contributing 
to the unsatisfactory results must be included 
delay in diagnosis, the greater degree of ab- 
dominal distention with accompanying dia- 


TABLE IV.—ASSOCIATED ANOMALIES IN CASES 
OF JEJUNAL OR ILEAL OBSTRUCTION 


No. of cases 
Malrotation of the intestines................. 
Congenital evisceration................2.0008 
fo Ue eee ree 
Congenital bands......... ee 
Patent omphalomesenteric duct.............. 
Meckel’s diverticulum................. 
Extrahepatic biliary atresia.................. 
Hypoplasia of kidney........... 
PRUNCRI OR URETORS no oie oe ck Sen eenneens 
Tetralogy of Fallot....... waa hears aie areas 
CHING 5 66 ss eeetcs cre 
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phragmatic compression, the relatively high 
incidence of prematurity and associated anom- 
alies and the frequent occurrence of multiple 
atresias. Operation was not attempted in 3 
infants and all 3 died. Two of them were seen 
over 20 years ago. Ileostomy was employed 
as the only operative procedure in 2 cases. 
Both patients died. Anastomotic union of the 
proximal and distal intestinal segments was 
carried out in g patients (Table V). Resection 
of the atretic area or areas with anastomosis 
was utilized in 7 cases and a by-pass anasto- 
mosis was used in 1 case. One patient was 
treated initially by a lateral anastomosis by- 
passing 2 areas of atresia in the jejunum. An 
atresia of the ascending colon was overlooked 
and the patient was operated upon again 6 
days later and the atretic area was resected 
and an ileotransverse colostomy carried out. 
Multiple atresias were encountered in 5 of the 
g patients. In addition, 4 of the infants were 
premature and 6 had associated congenital 
malformations. Seven of the patients died 
from 2 to 16 days following operation. A 
breakdown of the anastomosis was found at 
necropsy in 3 of these patients. One patient 
recovered and appeared to be doing well prior 
to unexpected death at 1 month of age. This 
patient was taking all feedings well, was gain- 
ing weight satisfactorily, and was having nor- 
mal bowel movements. Careful postmortem 
examination failed to elicit the cause of death. 
The anastomosis was adequate and seemed to 
have been functioning properly. Only 1 pa- 
tient is still living and symptom free. The 
infant was operated upon elsewhere at birth. 
A congenital evisceration of unknown type 
was repaired and ileostomy carried out. The 
patient had lost weight to 6 pounds, from a 
birth weight of 11 pounds. The atretic area 
in the distal ileum was resected with the 
cecum and ileum was anastomosed to ascend- 
ing colon. 
DISCUSSION 

Early diagnosis and operative relief of ob- 
struction is unquestionably the most impor- 
tant feature of the successful management of 
congenital stenosis and atresia of the small 
intestine. The presence of the congenital ob- 
struction often is not recognized until the in- 
fant’s general condition has deteriorated 
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markedly and, in some cases, the diagnosis is 
not made until postmortem studies are carried 
out. All but 5 of the 4o patients included in 
this study were born elsewhere. Surgery was 
not attempted in 11 cases, largely because of 
the poor condition of the patients resulting 
from prolonged obstruction, multiplicity o/ 
anomalies, and prematurity. All of these pa 
tients died. Although some of them were in 
extremis on admission to the hospital, it is 
possible that more vigorous efforts might have 
resulted in the salvage of a few. Certainly 
every effort should be made to relieve the 
obstruction in all cases with even the remotest 
chance of survival. Prompt replacement oi 
lost fluids and electrolytes, gastric suction, 
and the use of antibiotics are important ad- 
juvants. 

The possible presence of small bowel steno- 
sis or atresia should always be considered in 
cases of neonatal vomiting. A flat film of the 
abdomen will indicate existence of obstruction 
and the necessity for surgical intervention in 
most cases. The findings on roentgen and 
physical examination generally will suggest 
the level of occlusion. Occasionally, the oral 
administration of small amounts of lipiodol 
may be helpful when the obstruction is incom- 
plete, as in some cases of stenosis. Farber’s 
test (4) for the presence or absence of swal- 
lowed vernix caseosa cells in the anorectal 
meconium may be used for confirmation. 

Stenosis or atresia of the small intestine is 
estimated from this series to occur once in 
approximately 6,000 births. No significant 
sex, race, or familial incidence was encoun- 
tered in this study. The embryogenesis of 
these malformations is unknown. Many 
theories have been advanced. The most gen- 
erally accepted one suggests that the atresia 
or stenosis arises from the persistence of one 
or more areas of the so-called “‘solid”’ stage of 
embryonic intestinal development. 

The obstruction involved the duodenum in 
23 cases. There were 12 stenoses and 10 
atresias. The differentiation was not made in 
1 case. No multiple occlusions were found in 
the duodenum. Atresia was encountered in 
14 of the 17 patients with jejunal or ileal ob- 
struction. Six of them had multiple atresias. 
A single obstruction was discovered in 2 of the 
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TABLE V.—SUMMARY OF EXPERIENCE WITH ANASTOMOTIC PROCEDURES FOR 
JEJUNAL AND ILEAL ATRESIA 


























| Sex Site of | Single Niasied | 
»| Y re sic a — | Associated | : " 
ise | Year Age | atresia or ple Operation Result | anomalies | Remarks 
I 1935 | Male Ileum | Single Resection atresia and Died | } Died e days postoperatively. Broe- 
| 4 days gangrenous ileum. | | chopneumonia and peritonitis at 
| lleotransverse colos- } | autopsy. Anastomosis intact 
| | tomy | | | 
2 1946 | Male Ileum | Single. Resection atresia and} Died Patent ompha- Died 7 7 days postoperativ ely Break- 
| 5 days patent omphalo- lomesenteric| down of anastomosis and proximal 
| | mesenteric duct. Ile- duct | perforation of ileum found at autop- 
oileostomy sy with peritonitis 
; | 1948 Female Jejunum Multiple | Resection atretic| Died Malrotation | of| Developed obstruction from adhe- 
| 6 days areas. Duodeno- the intestines,| sions 14 days postoperatively 
| jejunostomy midgut volvulus Died 2 days followi ing second opera- 
| | tion. Anastomosis intact. Prema- 
| | | ture infant 
: | 1948 | Female Jejunum | Single Resection atresia.| Died | Clubfoot Died 3 days postoperatively. . Break- 
| days ejunojeunostomy | down of anastomosis and distal per- 
3 day J J I 


foration of jejunum at ? site of 
saline injection to enlarge collapsed 
distal segment. Peritonitis 





1951 | Female 











Tleum, as-| ;-| Multiple ‘Tleotransverse colos- Died 





Gantudse Tee Died 3 days postoperatively. Anas- 














| 20 days cending co- tomy malrotation of| tomosis intact. Had had 2 bowel 

| lon intestines movements. Interesting case dis- 

| cussed in greater detail elsewhere 
| (11). Premature infant 

| rost | Female | Ileum | Sint gle Resection atresia, ter-| Recovered Congenital evis-| Congenital evisceration of unknown 

I month | | minal ileum and ce- ceration type repaired and ileostomy created 

| cum. Ileoascending elsewhere. Progressive inanition 

| | colostomy when admitted to hospital. Now 
| | living and asymptomatic 

* -|- — > SE - ——— ————— a 

1952 | Male Jejunum, as-| Multiple Jejeunojejunostomy.| Died | Died 2 2 days after second operation. 

2 days cending co-| Resection atresia, il-| Colonic atresia not discovered at 

lon eotransverse colos-| time by-pass operation carried out 


tomy 








| 1952 | Female Jejunum, ile-| Multiple Resection atretic 


stomy 








| 1053 | Male | Jejunum | Multiple Resection. atretic 
2 days | areas. Jejunoileos-| 
| tomy 

| | 








4 days um | areas. Jejunoileos-| (temporari-| intestines 
ly 





| 
| for multiple jejunal atresias. Both 
| | anastomoses intact. Second opera- 
| tion 6 days after first. Premature 
infant 
Reco ove ered “Malrotationof the Initial anastomosis not adequate and 
6 days later anastomosis resected 
and new jejunoileostomy made. It 
functioned well. Patient eating 
well, gaining weight and having 
normal bowel movements when un- 
expectedly found dead at 1 month 
| of age. Careful autopsy failed to 
elicit case of death. Anastomosis 
| | | intact. Premature infant 
|- = 
H 





Died | F ailure of “wound healing with evis- 
ceration and breakdown of anas- 
| tomosis 4 days following operation. 

Died 1 day later 





\ge of the patient at the time of operation. 


patients with jejunoileal stenosis. One pa- 
tient had multiple stenoses which involved 
principally the jejunum. 

Twelve of the 40 infants were born prema- 
turely (30 per cent). Prematurity was en- 
countered in 5 of the 23 duodenal cases (22 
per cent) and in 7 of the 17 jejunoileal cases 
(41 per cent). Additional congenital mal- 
formations were discovered in 22 of the 40 
cases (55 per cent). They were present in 11 
of the duodenal cases (48 per cent) and 11 of 
the jejunoileal cases (65 per cent). Malrota- 


tion of the intestine, the most frequently 
associated anomaly, was found in 7 cases. The 
relatively high incidence of this abnormality 
should be borne in mind in the operative man- 
agement of small bowel stenosis and atresia. 
The discovery of malrotation should not rule 
out the presence of coexisting intrinsic ob- 
struction. In addition, the anatomic altera- 
tions may be misleading. The stomach or 
duodenum was found to have been erroneously 
anastomosed to the distal ileum in 2 of the 
patients in this study. One of the patients was 
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initially operated upon elsewhere and 1 had 
his first operation at this hospital. An aware- 
ness of this problem should materially reduce 
the incidence of this operative mistake. 
Esophageal or anorectal atresia was found in 
4 of the patients with intrinsic duodenal ob- 
struction. Atresia at the extremities of the 
alimentary tract was not encountered in the 
cases of jejunal or ileal obstruction. However, 
multiple atresias of the jejunum and ileum, 
occasionally involving the proximal colon, 
were found rather often. It was also of inter- 
est that stenosis or atresia was discovered in 
organs other than the alimentary tract in 3 
cases of jejunoileal obstruction. Atresia of 
the ileum was found immediately distal to a 
persistent omphalomesenteric duct or its rem- 
nant in 2 cases and in 2 cases congenital evis- 
ceration was encountered at birth. Mongolism 
was observed in 2 of the cases of duodenal 
obstruction. The importance of this aspect 
of the atresia problem was emphasized in 1949 
by Lanman. He reported that 6 of the 17 
patients surviving operation for duodenal 
atresia at the Children’s Hospital of Boston 
were mentally defective, 4 of them being 
mongols. 

Two cases, identified at operation as ileal 
atresia, one of them multiple, have been ex- 
cluded because of the absence of clear proof 
of the existence of these lesions since meconi- 
um ileus and histologically verified cystic 
fibrosis of the pancreas were also present. The 
possibility of diagnostic error at operation 
could not be ruled out and the segments of 
bowel said to be atretic are no longer avail- 
able for study. One verified case of the asso- 
ciation of ileal atresia and pancreatic fibrosis 
has been reported by Glover and Barry. The 
patient (their Case 21) had an atresia of the 
ileum with a defect in the mesentery. The 
infant survived operative relief of the obstruc- 
tion by ileoileostomy and was later readmitted 
to the hospital for treatment of fibrocystic 
disease of the pancreas. A sibling of this 
patient had died of meconium ileus with pan- 
creatic fibrosis. 

The results of the operative management of 
duodenal obstruction were considerably more 
successful than were experienced in the jejunal 
and ileal cases. Procedures designed to by- 
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pass the stenotic or atretic area in the duo- 
denum, generally duodenojejunostomy or 
gastrojejunostomy, have been carried out on 
15 patients during the past 25 years. Eleven 
of these patients recovered from operation. 
One infant unfortunately succumbed from a 
gangrenous small bowel obstruction secondary 
to postoperative adhesions prior to discharge 
from the hospital. Ten of the 12 patients 
operated upon during the last 13 years re- 
covered. One of the 2 deaths was due to pre- 
maturity and associated esophageal atresia 
with tracheo-esophageal fistula and the other 
to hyperpyrexia and subarachnoid hemor 
rhage. 

Both patients with jejunvileal obstruction 
who were treated by ileostomy alone died. 
Anastomotic procedures were utilized in 9 
cases. Two patients recovered from opera- 
tion but only 1 is living. One infant survived 
operation and was progressing quite satisfac- 
torily with adequate oral intake, normal 
stools, and good weight gain. The patient 
died suddenly at 1 month of age of causes not 
explained by either clinical or necropsy obser- 
vations. The anastomosis was intact and ap- 
peared to be functioning well. Five of the 9 
patients had multiple atresias, 4 were pre- 
mature, and 6 had associated anomalies. The 
atretic areas were resected in the majority of 
cases. A breakdown of the anastomosis was 
found at autopsy in 3 cases. A second opera- 
tion was necessary in a patient with multiple 
atresias of the ileum. An area of atresia in the 
ascending colon had been overlooked. Due to 
the high incidence of multiple atresias in cases 
of jejunoileal obstruction, it is of considerable 
importance that a careful search be made for 
other atretic areas not only in the jejunum 
and ileum but also in the colon. , 

Although many reports of isolated cases 
may be found in the literature, there is a sur- 
prising scarcity of recorded series. A brief 
review of the experience related in some of the 
larger series reveals a progressive reduction in 
mortality. In 1941, at a time when reports of 
successfully managed cases were quite rare, 
Ladd and Gross demonstrated, in their report 
of 71 cases, that meticulous operative tech- 
nique and careful preoperative and postopera- 
tive management could lead to the salvage of 
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1 respectable number of these otherwise 
doomed infants. Their report did much to 
lispel the prevailing attitude of hopelessness 
with which these patients were regarded and 
:timulated renewed efforts to improve results 
lsewhere. Eight of their 16 patients with 
juodenal obstruction and 4 of the 8 with 
ejunal obstruction recovered. Five of the 20 
atients with ileal atresia or stenosis, who 
vere treated by procedures other than ileos- 
omy alone, recovered. The uniform fatal 
ssue in 24 cases in which ileostomy alone was 
mployed led to the abandonment of this 
pproach. Their 3 patients with multiple 
tresia died. ' 

Glover and Barry, in 1949, included in their 
rticle reports of 23 cases of small bowel 
tenosis or atresia. Seven of their 10 patients 
‘ith duodenal obstruction were operated upon 
nd 2 recovered. Three of the patients were 
remature and associated anomalies were 
yund in 5. Three of the 13 patients with 
‘junal or ileal obstruction recovered. Two of 
1e patients had multiple atresias and asso- 
iated anomalies also were discovered in 4 of 
em. 

In 1950, Grove and Rasmussen recorded 
ieir experience with 15 cases. Seven of the 
t infants with duodenal obstruction were 
erated upon and 6 recovered. The obstruc- 
on was attacked surgically in 3 of the 4 
junoileal cases and all survived. Operation, 
cordingly, was carried out on 10 patients 
ith g recoveries, a truly notable achievement. 
ettersson in 1952 reported survival in 3 of 
cases of duodenal obstruction and in 3 of 8 

cases of jejunal or ileal involvement. He en- 
countered multiple atresias in 4 of the 8 
i junoileal cases. Snyder, Voskamp, and 
Chaffin published reports of 5 successfully 
treated cases of ileal atresia in 1950 but did 
not state the number of infants who were 
operated upon. 

In the great majority of the more re- 
cent reports, the principal effort has been 
directed toward primary anastomosis as the 
preferred means of establishing intestinal 
continuity. Occasional reports, such as the 
one by Arnheim, have appeared in which 
initial exteriorization was employed with 
success. 
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SUMMARY 


1. The literature concerning congenital 
stenosis and atresia of the small intestine is 
briefly reviewed. 

2. Forty cases of small bowel stenosis and 
atresia are reported and the sex, race, and 
familial incidence discussed. Intrinsic ob- 
struction was observed to occur in the small 
intestine once in approximately every 6,000 
births. 

3. The necessity for early diagnosis and 
relief of obstruction is emphasized and the 
clinical studies, especially the history and the 
physical and roentgen examinations, utilized 
in arriving at a prompt diagnosis are detailed. 

4. The obstruction involved the duodenum 
in 23 cases and the jejunum or ileum in 17. 
The relative incidence of stenosis and atresia 
and the rather frequent occurrence of multiple 
obstructions, additional congenital malforma- 
tions and prematurity are discussed. 

5. An attempt at operative relief of the 
duodenal obstruction was made in 15 cases 
and 10 of the 12 patients operated upon during 
the last 13 years have recovered. 

6. Only 1 of the g patients with jejunal or 
ileal atresia who were treated by anastomosis 
is still living. The factors contributing to the 
substantially poorer operative prognosis in 
these cases are considered. 
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AN OPERATIVE TEC 


HNIQUE FOR THE 


CONSTRUCTION OF VENOUS VALVES 


BEN EISEMAN, M.D., 


NE of the factors presumed to be of 

great importance in the pathogenesis 

of the postphlebitic syndrome is val- 

vular incompetency in the deep ve- 
ious system of the lower extremity. The 
surpose of this paper is to describe an opera- 
ive procedure for the construction of venous 
valves to replace those previously destroyed 
y the phlebitic process. According to this 
echnique a valve is formed by the proximal 
ntussusception of a short segment of vein. 
Valves so constructed in the vena cava of dogs 
ire shown to remain competent and patent 
iver a period of 6 months. 


MATERIALS AND METHODS 


Pearl, in 1947, described a method for the 
onstruction of an intestinal valve by creating 

permanent intussusception in a short seg- 
ient of small bowel. Such intestinal valves 
emain patent and competent. We have used 
his principle for the construction of venous 
alves. 

Operative technique. With the use of intra- 
enous sodium pentobarbital anesthesia the 
iferior vena cava of the dog is exposed from 
he iliac bifurcation to the renal veins through 

transperitoneal midline incision. Umbilical 
apes are placed beneath the proximal and 
istal segments of the vena cava and the vessel 
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Fig. 1. 


ligs. 1, 2, and 3. Operative technique for creation of ve- 
ious valve by intussusception. 
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ILLIAM MALETTE, M.D., St. Louis, Missouri 
is completely mobilized by ligating tributary 
veins. 

Intussusception is attained by placing No. 
ooooo arterial sutures along the longitudinal 
axis of the vein with the second bite of the 
suture placed 3 diameters proximal to the first 
(Fig. 1). The length of vein included between 
the bites is that segment destined to be in- 
tussuscepted which, therefore, determines the 
length of the valve cusp. Depending on the 
size of the vein, 5 or more such sutures are 
placed circumferentially around the vein. All 
sutures are placed before intussusception is 
begun, and before any sutures are tied. Su- 
tures placed after intussusception result in 
distortion of the vein and uneven valve forma- 
tion. Each suture is taken through the entire 
vein wall—a precaution necessary to assure 
that the intussusception does not spontane- 
ously reduce. 

When all sutures are placed, intussuscep- 
tion is achieved by a combination of gentle 
tension on oppositely placed sutures and by 
proximal guidance of the point of the intus- 
susception into the lumen of the vein with a 
dull pointed probe (Figs. 2, 3, and 4). 

Blood flow is maintained in the vessel 
throughout the procedure. Prior to closing 
the abdomen the competency of the valve is 
tested by stopping blood flow into the distal 
segment of vein by applying pressure on the 
distal umbilical tape. Blood is then milked 
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sass 4. 
Fig. 4. Cross-section diagram of completed venous valve 
showing dimensions employed. 
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Fig. 5. 

Fig. 5. Photomicrograph of venous valve 5 months after 
completion showing maintenance of original microscopic 
characteristics of elements in vein wall. 

Fig. 6. Photograph of venous valve constructed 5 
months previously. In this specimen a small venous branch 
was included in the intussuscepted segment and can be 
seen as a remnant in the midportion of the valve cusp. 


through the valve leaving the lumen distal to 
the valve empty of blood. Reflux blood flow 
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Vig. 6. 


through a competent venous valve should not 
occur. 

Anticoagulants have not been employed in 
the experiments which were performed upon 
these animals. 


Fig. 8. 


Figs. 7 and 8. Venogram of dog 2 months following creation of valve in midportion 
of abdominal vena cava. 

Fig. 7. Injection of urokon via femoral vein to demonstrate patency of valve. 

Fig. 8. Injection of urokon into vena cava via renal vein to demonstrate compe- 
tency of valve. 
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Fig. 9. 
Figs. 9 and 10. Venogram of dog 4 months following creation of valve in mid- 
portion of abdominal vena cava. 
Fig. 9. Showing patency of valve. 
Fig. 10. Showing competency of valve. 


Fourteen adult mongrel dogs have had 
valves constructed in their venae cavae ac- 
ording to this technique and have been ex- 
imined at periods ranging from 24 hours to 
) months following operation. 


RESULTS 


Gross and microscopic appearance. Valve 
ormation according to this technique has not 
resulted in thrombosis at the operative site. 
Thrombosis at the tip of the cusp on one side 
of the valve has been noted in 2 cases, but in 
neither has this interfered with valvular com- 
petency. In all cases the intussuscepted vein 
wall acting as a valve cusp remained thin and 
pliable throughout the period of observation. 

Microscopically the intussuscepted vein 
wall retained its original anatomic features 
and showed no tendency toward contraction 
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Fig. 10. 


or fibrous degeneration (Fig. 5). Muscular 
and elastic tissue elements in the valve re- 
tained their individuality. The arterial silk 
sutures maintaining the intussusception at the 
base of the valves were covered with a thin 
layer of fibrin within a few hours following 
operation but caused no undue thrombosis of 
the valve cusps (Fig. 6). 

X-ray findings. Venographic proof of valve 
patency and competency was obtained by the 
injection of 70 per cent urokon into the vena 
cava of the dogs at varying periods following 
the construction of venous valves. Urokon in- 
troduced into the femoral vein demonstrated 
patency of the valve in the vena cava. Valve 
competency was demonstrated by injection of 
urokon into the right renal vein which was 
made to reflux distally by slight tension on a 
proximally placed umbilical tape. Figures 7 to 
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1o demonstrate the venographic findings in 
2 of these cases. 
DISCUSSION 

In deciding the length of vessel to be intus- 
suscepted we were guided by the work of 
Edwards who found that normal venous 
valves were approximately 0.7 to 1.15 diame- 
ters in length. According to the present tech- 
nique a double wall of vessel is utilized for 
cusp formation and, therefore, twice this dis- 
tance must be intussuscepted. We have arbi- 
trarily chosen to intussuscept 2.5 to 3.0 di- 
ameters of vessel wall so that the valve cusps 
remain competent even when the vessel is 
markedly dilated. 

The deep venous system of the lower ex- 
tremity normally has one or more competent 
valves which are often rendered incompetent 
following thrombophlebitis. The rise in ve- 
nous pressure of the lower extremity following 
exercise in the postphlebitic leg can rationally 
be explained by incompetency of these valves. 
During the past 15 years many attempts have 
been made to overcome this factor in the 
pathogenesis of the postphlebitic syndrome 
by ligation of the femoral system at various 


levels. It appears to us that such procedures 
merely substitute the valveless collateral 
veins for the diseased phlebitic vessels and a 
more rational approach is to construct valves 
in the venous system where previously they 
have been destroyed. 
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The present technique of venous valve for- 
mation requires that the short segment of vein 
utilized for the valve be essentially normal. 
We are quite aware that large segments of the 
postphlebitic vein characteristically consists 
of numerous small venous channels in a re- 
canalized thrombus, and that intussusception 
with valve formation in such sections of dis- 
eased vein is not feasible. We believe, how- 
ever, that enough normal short segments of 
vein are available in the deep venous system 
of most postphlebitic legs to permit valve for- 
mation. 

SUMMARY 

1. A technique for the construction of ve- 
nous valves by intussuscepting a segment of 
vein into its proximal segment is described. 

2. Valves made according to this technique 
have been constructed in the venae cavae of a 
series of 14 dogs. The gross and microscopic 
examination of these valves over a 6 month 
period shows no evidence of contraction fibro- 
sis or degenerative changes. Venographic 
studies demonstrate the patency and compe- 
tency of these valves. 

3. The rationale for the construction of ve- 
nous valves in the postphlebitic venous system 
has been discussed. 
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WAR WOUNDS OF THE THORACIC 
RESPIRATORY APPARATUS 


CHARLES E. WILLNER, Lieutenant, M.C., U.S.N.R., Vista, California 


HE advent of protective vests to 
the equipment of combat soldiers in 
the Korean War has been credited 
with effecting profound changes in 
horacic wounds. This is a study of these 
ases in the hospital aboard the U.S.S. Con- 
olation, functioning as a general hospital in 
upport of the First Marine Division during 
he period from October 5, 1952 to May 15, 
953. The period actually encompasses 26 
veeks on station in the port of Inchon, Korea, 
luring which time 1,612 battle casualties 
vere admitted. Apart from the active cam- 
vaigns of Bunker Hill in the fall of 1952 and 
hose brief outbursts at Vegas, Carson, and 
Xeno in the spring of 1953, the casualities 
ave all been derived from the static, trench 
ariety of warfare characterizing this phase 
if the Korean affair. 
The original conception for this paper was 
sunded in our interest in the ultimate fate 
if those patients with chest wounds submitted 
o radical surgical management, of which we 
ave witnessed a considerable number. This 
tems from the fact that 57 per cent of our 
yatients with thoracic wounds received their 
yrimary treatment at another activity in the 
nedicomilitary echelon organization, but in 
virtually all instances these patients were 
‘etained in this hospital until they were fully 
convalescent and required no further defini- 
tive therapy or the issue had otherwise been 
settled.!| Some answers to that problem of 
radical surgical management will be suggested 
subsequently; as our study proceeded several 
other interesting facets of chest trauma were 
elucidated, accounting for this presentation. 
This material covers 60 cases of wounds of 
the thoracic respiratory apparatus. Included 
are all penetrating wounds involving the chest 
The opinions contained herein are private ones of the writer 
ind are not to be construed as official or reflecting the views of 
the Navy Department or the naval service at large. 


'The 2 exceptions are those patients forwarded to the Army 
irtificial kidney unit for treatment of anuria. 


wall, pleura, lung, or tracheobronchial tree 
and nonpenetrating injuries with significant 
respiratory dysfunction. Excluded are pene- 
trating wounds involving nonrespiratory struc- 
tures and nonpenetrating wounds in which the 
chest wall derangement presented no other 
problems than those ordinarily encountered 
in soft tissue wounds elsewhere in the body. 

It is evident then that our incidence of 
these wounds is approximately 1 in every 27 
battle casualties or 3.7 per cent. Because of 
the particular organizational scheme and the 
system of early patient evacuation employed, 
it is possible that a handful of cases in the 
first days here escaped the writer’s surveil- 
lance. Accounting for them maximally, the 
incidence would approximate 1 in every 25 
battle casualties or 4 per cent. While there 
is no abundance of statistics available on this 
over-all incidence from World War II, West 
has reported 157 thoracic wounds in 5,124 
battle casualties (3 per cent) from France and 
Belgium. The two wars and the two sets of 
conditions are indeed not comparable, but it 
would appear reasonable to conclude that the 
incidence of war wounds of the thoracic respir- 
atory apparatus in patients coming to hospi- 
talization has not appreciably decreased with 
the introduction of the vests. Nevertheless 
the impression of qualitative change is unas- 
sailable. Figures are lacking, but the con- 
viction is inevitable that the wounds previ- 
ously immediately or rapidly fatal have been 
vastly reduced, most of them having been 
converted to that group under discussion, 
which are of moderate severity and come to 
hospitalization. A certain proportion that in 
the past fell into this latter group are now 
sustaining no thoracic wound at all or one of 
only minor severity. 


CasE 46. This 23 year old marine was wounded 
by an incoming mortar round on April 5, 1953 
while digging a trench. He had been wearing his 
vest. He reached the Consolation approximately 12 
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hours later in moderate shock. Massive soft tissue 
wounds were present in all extremities. On admission 
a large ecchymosis of the right lower anterolateral 
thoracic wall was observed. This area was slightly 
tender. An x-ray film (Fig. 1) taken 13 hours after 
injury showed an infiltration in the lung exactly 
corresponding to the site of the ecchymosis. No 
open wound of the chest had occurred, and no rib 
fracture was present. The patient had noted hemop- 
tysis since injury. Breath sounds were diminished 
at the right base. The localized character of the 
lesion excluded the possibility of its being a con- 
cussive wound. It could only have been a lung 
contusion directly caused by the nonpenetrating 
trauma. No therapy was required for the chest 
wound, and serial roentgenograms disclosed its com- 
plete resolution in 5 days. From the massive char- 
acter of the extremity wounds, the chest wall 
ecchymosis, and the demonstrated lesion, it is not 
excessive to infer that this patient would have 
sustained either a lethal or very serious chest wound 
without his vest. 


High velocity rifle bullets and direct hits 
with shell fragments are likely only to be 
slowed by the vest, but they will still cause a 
penetrating chest wound in most instances. 
Further there have been a not inconsiderable 
number of missiles entering the chest via the 
neck, the axilla, and the proximal humeral 
region, areas in which the vest can scarcely be 
expected to provide protection. 

It is thus clear that protective clothing has 
modified but certainly not obliterated war 
trauma to the thorax, the implications of 
which are unchanged. 


PATHOLOGY 


It has been expedient to compartmentalize 
our thinking rather flexibly in respect to both 
the pathology and treatment of these cases 
to embrace the following four categories of 
the thoracic respiratory apparatus: (1) the 
thoracic wall, (2) the pleura, (3) the lung, 
(4) the tracheobronchial tree. 

The title of this paper was thus meant to 
impart both a functional approach and a unity 
to the conceptual organization of these wounds. 

The thoracic wall. Alterations in the thoracic 
wall may be minimal, consisting of small, 
nonsucking perforations. Varying amounts of 
foreign material may be in-driven, and the 
amount of muscle necrosis and hemorrhage 
will hinge on a variety of conditions. Ribs 
may be fractured, and some of their fragments 
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will be driven on as secondary missiles, as 
Gillesby has indicated. With large wounds 
resulting in major disruption of the bony 
thorax, the rigidity necessary for effective 
respiration will be lacking, and paradoxical 
respiration, further compromising vital ca- 
pacity and perhaps mediastinal integrity, will 
ensue. Penetrations of the chest wall of suffi- 
cient size or suitable location to vitiate the 
beneficial consequences of overlapping muscle 
planes will, by virtue of their communication 
with the exterior, allow for the ingress of air 
to the pleural space, further impairing respira- 
tory function by pulmonary collapse. Major 
vascular disruption with serious hemorrhage 
should be searched for in all penetrating and 
nonpenetrating wounds. Bleeding from the 
thoracic parietes may originate from the in- 
ternal mammary, intercostal, subclavian, and 
axillary vessels. Active bleeding confined to 
the chest wall may give rise to sizable, extra- 
pleural hematomas which, as a result of the 
pain they produce or their mass, may con- 
tribute to further respiratory dysfunction. 
Major alterations of thoracic wall structure 
with acute injuries usually result in a great 
deal of pain, further inhibiting respiratory 
activity. Finally it is of great importance to 
be aware of other wounds which may result 
from the same missile producing the chest 
wound, particularly those of the thoracic 
spine, the abdomen, and neck and shoulder 
structures. Attention here is called to the 
rather frequent association of brachial plexus 
injuries. 

The pleura. The pleura assumes enormous 
importance as an organ in thoracic trauma. 
A delicate membrane ordinarily lining a po- 
tential space of crucial significance in respira- 
tory dynamics, it readily becomes an envelope’ 
for a real space now containing agglomerations 
of fluid. Bleeding from lung or thoracic 
parietes gravitates to this space. Air may 
arrive from the atmosphere via either disrup- 
tions of chest wall continuity or parenchymal 
leaks. These collections reduce pulmonary 
function and may seriously impair hemody- 
namics by mediastinal displacement. In vary- 
ing periods of time the blood will coagulate; 
although the controlling mechanisms are not 
altogether clear, it seems likely that the ex- 
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tent of the parenchymal damage and conse- 
quent outpouring of thromboplastin is de- 
cisive. The presence of any of these alien 
fluids in the pleural space incites an inflam- 
matory response on the part of the pleura; 
pari passu there is an outpouring of exudate 
with thickening of the pleura itself. As the 
blood clots and organization ensues, there 
occurs progressive fibroplasia which may be 
sufficient eventually to restrict thoracic excur- 
sions. It has been suggested that even in the 
best hands appreciable chronic hemothorax 
will occur in from 5 to 30 per cent of cases. 
The blood itself may serve as a first-rate 
pabulum for pathogenic bacteria introduced in 
the wounding process and parenchymal dis- 
ruption, and empyema will then supervene. 
[t has been estimated by Blades that as many 
as 50 per cent of these penetrating wounds 
result in pleural infection. Retained air en- 
courages the development of loculations with- 
in the fluid collection. Retention of in-driven 
bone fragments or missiles especially predis- 
poses to high grade pleural contamination; 
likewise diaphragmatic perforations allow the 
ingress of highly virulent material from the 
ibdominal viscera in combined thoracoab- 
lominal wounds. 

The lung. In addition to the expected 
nechanical effects of parenchymal wounding, 
‘xtensive bleeding into pulmonary substance 
regularly occurs. These pulmonary hema- 
tomas obliterate many alveoli. The out- 
pouring of blood and the presence of unex- 
pectorated secretions readily obstruct the 
sronchial system, and atelectasis is frequently 
ncountered. The mechanisms of air diffusion 
irom neighboring segments, vascular shunt- 
ing, and compensatory emphysema as a 
‘‘space-filler,” as discussed by Churchill in 
reference to bronchiectatics, seem readily 
applicable to the altered physiology of pul- 
monary trauma. 

The lung hematoma eventually organizes 
and is partially or completely absorbed. In 
the meantime, however, this lesion arouses an 
inflammatory response within the lung which 
we prefer to think of as a hemorrhagic pneu- 
monitis. Actually this lesion behaves clinically 
a great deal like bacterial pneumonia except 
that its resolution requires a longer period, 
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Fig. 1. 


even if modified by antibiotic therapy, often 
several weeks in severe cases. The patient is 
usually febrile during this period. Suppura- 
tion and degeneration are uncommon se- 
quelae, never having occurred in our cases. 
We did observe, however, 1 case proceed to 
extensive calcification within the hematoma. 
Figures 2 and 3 portray 2 of these lesions and 
their course. 

The tracheobronchial tree. Wounds of the 
tracheobronchial tree with large, persistent 
air leaks are not common, probably because 
the location of these structures centrally 
would imply a high incidence of association 
with quickly fatal heart and great vessel 
wounds. We have no tracheobronchial wounds 
in our group. 

One final word on pathology is warranted, 
pertaining to shock. In addition to the factors 
of hemorrhage and trauma operative in shock 
of other injuries, at least two other mecha- 
nisms are at work here. That anoxia will 
augment shock and is probably intimately 
concerned in its cytophysiology is well estab- 
lished. Hence the anoxia, due to so many 
factors in thoracic trauma, is apt to engender 
more profound shock than that anticipated 
from measurable blood loss. Further the 
shock may be accentuated and refractory to 
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b 


Fig. 2. A Korean marine with a through-and-through wound of the right hemithorax, with 2 rib 
fractures and a scapular defect. a, Showing consolidation due to hemorrhagic pneumonitis. b, Show- 
ing gradual, but still incomplete, resolution 13 days later. 


ordinary antishock measures by virtue of 
acute mediastinal displacement, resulting in 
restricted venous return. This latter is in 
turn apt to be further influenced by the change 
from negative to positive intrapleural pres- 
sure, associated with fluid and gas collections. 
The significance of shock and the potentiality 
for acute renal insufficiency are indeed very 
real, as our statistics will subsequently indicate. 
TREATMENT 

The primary orientation in the treatment of 
thoracic respiratory wounds and the basis for 
its high priority are the necessity for prompt 
restoration of respiratory function. Certain 
general measures are of vast importance. 

The need for rapid and complete shock 
therapy is overriding and consists in volume 
replacement of blood, clearing of the pleural 
space to allow the return of the negative intra- 
pleural pressure and proper mediastinal dy- 
namics, and the correction of all known 
sources of anoxia. 

The necessity for pain relief is obvious, and 
it should be tautologic to remark that the 


methods employed not be conducive to further 
respiratory disturbances. As was so ably 
demonstrated in World War II and reported 
by Nicholson and Scadding, local anesthetic 
block of appropriate intercostal nerves is the 
most effective means of providing pain relief 
of a sort that will encourage rather than im- 
pair adequate ventilation. We have resorted 
liberally to the technique with both procaine 
and long acting, procaine-related compounds, 
and the dramatic success is attested by the 
almost uniform use of only very small doses 
of narcotics for exceedingly brief periods fol- 
lowing wounding or operation. The corollary’ 
of all this is that the depressant qualities of 
ordinary doses of narcotics can easily swing 
the precarious balance toward serious or fatal 
complications by vitiating the normal mecha- 
nisms of coughing and respiration. 

Oxygen should be administered on need 
only, as suggested by signs of oxygen deficit. 
Promiscuous or routine use is objectionable 
because of the tendency to dry secretions in 
the air passages and its inhibitory effect on 
normal respiratory excursions. Tracheotomy 
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a 


Fig. 3. American marine with multiple shell fragments penetrating right hemithorax. a, 
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Extensive 


hemothorax with hemorrhagic consolidation associated with extreme respiratory difficulty. No surgery 


performed other than débridement and delayed primary suture. 


b, Partial resolution with commen- 


surate symptom relief 13 days later. Note retained shell fragments. 


is a means of aiding respiration and removal 
‘f secretions has a solid rationale. We have 
had no occasion to use it although it was 
onsidered in 1 case. Tracheal toilet is best 
accomplished by coughing, and this requires 
continuous nursing vigilance. Catheter as- 
piration of the trachea and bronchoscopic 
ispiration are important ancillary measures 
we have frequently utilized. Once hemody- 
namics are stabilized, the upright position 
and ambulation are rapidly encouraged for 
their many well known virtues. Antibiotic 
therapy plays an important role of course. 
The thoracic wall. Restoration of thoracic 
wall integrity offers the most accessible and 
one of the most rewarding procedures in these 
injuries. First-aid control of “sucking” wounds 
and adequate débridement of all penetrating 
wounds need no emphasis. The limited type 
of thoracic operation that the latter consti- 
tutes is in contrast to the other definitive 
surgery possible, namely thoracotomy. Its 
objects are complete débridement and control 
of pleural defects. The temptation to fully 


close these wounds primarily (which we have 
witnessed in numerous cases treated initially 
elsewhere) is still an infraction of the princi- 
ples of military surgery, which is not miti- 
gated by antibiotics, and is to be vigorously 
condemned. 

Six patients in our series had chest wall 
missiles of such size or crucial location that 
separate incisions were required for their 
removal. Four of these were at separate, 
secondary operations and were necessitated 
by chest wall abscess in 2 instances, recurrent 
pleural effusion in one, and intractable pain 
(missile lying on an intercostal nerve) in the 
other. Two of these latter had had thoracoto- 
mies of doubtful indications performed else- 
where with the offending pathologic condition 
overlooked. 

CasE 36. A 20 year old marine was hit by enemy 
shell fragments on February 24, 1953 sustaining a 
compound fracture of the left femur and a wound 
of the left chest. Thoracotomy at another activity 
revealed 4 slowly bleeding lung lacerations which 
were sutured. After arrival on the Consolation the 
following day, he continued to be febrile, and sero- 








Fig. 4. Case 36. Recurrent left pneumothorax and ef- 
fusion resulting from large, contaminated missile, with 
pleural defect. 


sanguineous pleural effusion and pneumothorax per- 
sisted beyond reasonable expectations. Reoperation 
(at the time of definitive surgery upon the femur) 2 
interspaces below the thoracotomy incision dis- 
closed a shell fragment measuring 4 by 3 by 2 
centimeters in the tenth interspace posteriorly, 
embedded in much clothing and debris, with a 3 
by 3 centimeter pleural defect underneath. Com- 
plete débridement and drainage of the pleural space 
were followed by prompt recovery. 


Without reviewing all the methods of 
managing paradoxical respiration, a rather 
illustrative case is presented in some detail in 
which the problem was compounded by many 
other factors. While not, strictly speaking, a 
military casualty, the case is included for its 
unusual interest, since the problem arose in a 
military-related activity in the war zone. This 
is the only nonbattle casualty in the series. 

CasE 34. This elderly Korean civilian, while in 
the act of stealing a fish, was struck by a jeep on 
February 21, 1953 sustaining a basal skull fracture, a 


mandibular fracture, a left clavicular fracture, and 
multiple left rib fractures. At another activity 


shock therapy was required, and he was transferred 
the following day, still comatose, to the Consolation. 
Early drainage of acute bilateral subdural hygromas 
was accomplished. By 48 hours later respiratory 
difficulty was increasing, the patient was uncon- 
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trollable (primarily because of air hunger), there 
was progression of the massive subcutaneous emphy- 
sema of the entire left hemithorax, and there were 
roentgen and clinical signs of pleural fluid and ad- 
vancing pneumonia. Aspiration of the left pleural 
space yielded 150 cubic centimeters of blood. Be- 
cause of the alarming deterioration of respiratory 
function and severe, uncontrolled, paradoxical 
breathing, it was believed that only internal fixation 
might save the day. He was considered a grade IV 
risk. Under endotracheal general anesthesia a left 
posterolateral thoracic incision was made. Extensive 
infiltration, of blood and air throughout the chest 
wall were noted. Fractures of the third, fourth, 
fifth, sixth, seventh, and eighth ribs were present 
with many fragments in-driven through pleura. 
Loose fragments were excised, and pleural space 
aspirated and closed. Effective immobilization 
could only be obtained by fixation in two planes, 
and accordingly wires plus intramedullary fixation 
were resorted to. The fourth to seventh ribs inclusive 
were mobilized, holes drilled about 2 centimeters 
from the fracture sites, and the ribs secured with 
No. .o14 steel wire. Kirschner wires were passed 
down the medullary canals and across the fracture 
sites of the fourth, fifth, and sixth ribs. This pro- 
vided rigid fixation. Anticipating possible migration 
of the intramedullary devices, their posterior ex- 
tremities were hooked over the outer rib cortex. 
Upon awakening the patient was unbelievably co- 
operative, his respiratory rate reduced from 46 to 
22 per minute, and his general condition vastly 
improved. He was ambulatory the following morn- 
ing. Several pleural aspirations were required to 
obliterate the pleural space and remove all blood. 
Subsequently fixation of the mandible was per- 
formed. The dietary restriction thus imposed, the 
aureomycin toxicity with vomiting and diarrhea 
he now developed, plus the previous nutritional 
disturbance (note the circumstances of occurrence 
of the injury) now combined abruptly to throw him 
into nearly fatal dehydration, starvation, acidosis, 
and extrarenal azotemia. He became comatose and 
seemed moribund. Continuous parenteral alimen- 
tation corrected the disturbances after several days 
of intensive therapy, and he went on to complete 
and rapid convalescence. 

The patient returned to the Consolation on- 
April 25, 1953 for further care of his mandibular 
fracture. At this time he was ambulatory, cheerful, 
and eating voraciously. His thoracic cage was unde- 
formed and secure. One of the intramedullary 
Kirschner wires had moved posteriorly and was 
tenting the overlying skin. X-ray examination re- 
vealed healing of the rib fractures. On April 27 
under general anesthesia, the 3 Kirschner wires were 
removed, and an uneventful convalescence ensued. 


On clearing the pleural space. Apart from 
the correction of major chest wall derange- 
ments, clearing the pleural space is the princi- 
pal means of restoring adequate ventilation. 
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Fig. 5. Case 34. a, Preoperative film taken 3 days after injury. b, Six days postoperative. 


The rationale has been discussed previously. 
The techniques, timing, and dangers involved 
have been widely reviewed in the literature. 
The following precepts govern our handling 
of the problem: 

1. Clearing the pleural space is an emer- 
gency. 

2. It should be as complete as possible. 

3. It should be performed immediately 
upon diagnosing or even suspecting an intra- 
pleural collection. 

4. Withdrawn fluid should not be replaced 
with air. 

5. Intrapleural antibiotics are entirely un- 
necessary when the patient is on therapy by 
another route. 

6. Accelerated bleeding after aspiration 
either does not occur or is extremely rare (no 
instance in this series). 

7. The x-ray film is so unreliable in differ- 
entiating hemothorax from pleural thickening 
and pulmonary hematoma that once fluid is 
suspected, it is aspirated; and daily aspira- 
tions are continued without x-ray control un- 
til the pleural space is dry. 

This attitude has prevailed in the manage- 
ment of the 56 cases of penetrating wounds 


in this series, and the rapid, thorough resti- 
tution of our patients has fully warranted it. 
Approximately 135 thoracenteses have been 
performed on 40 patients, an average of 3 per 
patient. In some instances 6 or 7 aspirations 
have been necessary to obliterate the pleural 
space. 

Usually the initial fluid will be frank blood; 
with the outpouring of serous exudate dilution 
occurs rendering removal easier. Failure to 
clear the pleural space completely as soon as 
hemothorax or pneumothorax is diagnosed 
invites persistence of shock, severe respiratory 
difficulty, chronic hemothorax and _fibro- 
thorax, enhanced pain, and empyema. Fig- 
ures 6 and 7 demonstrate patients transferred 
from other activities where primary therapy 
had been administered with failure to recog- 
nize large, serious hemothoraces. 

Once it has been established that fluid is 
present which is too viscous for needle aspira- 
tion or that an air leak of considerable magni- 
tude has occurred, resort is made to insertion 
of a large catheter which is connected to a 
water-seal through which gentle suction is 
applied. Let there be no illusion, however. 
If the fluid is too tenacious for a large bore 
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Fig. 6. 


needle, it will readily clot within the largest 
catheter. Hence success with this technique 
is inconstant in hemothorax, although it is 
highly predictable in pneumothorax. Apart 
from its routine employment in thoracotomies 
and its frequent use in limited operations on 
the chest wall in which large pleural defects in 
association with hemothorax or pneumothorax 
were encountered, we have inserted a tube 
into the pleural space in 11 instances. The 
procedure is performed under local anesthesia, 
often at the bedside. Best results have been 
with large or persistent pneumothoraces. It 
is a technique of second order priority in the 
attempt to clear the pleural space. Suction, 
achieved by adding a pump to the system, is 
important because of the tenacity and viscosity 
of the intrapleural fluid. 

We have utilized streptokinase and strep- 
todornase for enzymatic dissolution of a 
clotted hemothorax on 3 occasions. There 
has been considerable controversy over the 
efficacy of this procedure. It has been recom- 
mended that the agents be witheld 10 to 14 
days in order to avoid digesting a clot which 
is controlling bleeding. Such an ingenuous 


concept fails to recognize the underlying 
thrombosis and tissue factors involved in the 


Tig. 7. 


control of hemorrhage, and treats the surface 
clot as a vital plug. Such thinking which 
resulted in a late start at therapy in a fourth 
patient, treated unsuccessfully with these 
enzymes (surgical decortication was subse- 
quently performed), predisposes to an unsat- 
isfactory outcome. We believe this potent 
agent may safely be used, if there is no active 
bleeding at the time, as soon as a diagnosis of 
clotted hemothorax is made. This concept 
has been abided by in our 3 cases with emi- 
nently gratifying results, and the technique 
is considered a third order priority in clearing 
the pleural space. In 1 case in which it was 
utilized, the patient subsequently died of 
acute renal insufficiency, probably the result | 
of an incompatible blood transfusion. Au- 
topsy disclosed a smooth, clean pleural space 
with no retained clot, in spite of his being only 
4 days past the last of 7 pleural aspirations 
in which a total of 3,375 cubic centimeters 
of bloody fluid had been removed. Results 
were achieved in each instance in 2 or 3 
applications, treatment having been com- 
menced 2, 7, and 3 days following wounding 
respectively in the 3 cases. 

CASE 15. This 21 year old marine was hit by an 
enemy shell fragment on November 12, 1952, sus- 
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Fig. 8. 


b 


Films before and ro days after decortication performed on 40 year old Korean male with extreme 


disability of chronic hemothorax. Complete relief achieved. 


taining a penetrating wound of the left axilla with 
involvement of the chest and left hemothorax. At 
the initial activity the wound was débrided and 
primarily closed, and 150 cubic centimeters of blood 
were aspirated from the left pleural space. He ar- 
rived 24 hours later at the Consolation in severe 
respiratory distress with cyanosis, orthopnea, 
marked chest pain, and a respiratory rate of 4o. 
On admission only 40 cubic centimeters of gelati- 
nous semiclotted blood could be aspirated. Inter- 
costal procaine blocks alleviated some of the pain, 
and oxygen therapy was required. X-ray examina- 
tion revealed an extensive opacity in the lower 
half of the left lung field and 2 missiles in the lung 
3 centimeters from the hilar area. A No. 23 French 
catheter was inserted in the left pleural space under 
local anesthesia and connected to a _ water-seal. 
About 500 cubic centimeters of blood were thus 
evacuated, but symptoms and roentgen findings 
persisted. The following day a mixture of strepto- 
kinase 200,000 units, streptodornase 50,000 units, 
crystalline penicillin 1 million units, and strepto- 
mycin 1.0 gram in 50 cubic centimeters of saline 
was injected and the tube clamped. The patient 
experienced considerable pain and fever that night. 
Twenty-four hours later 1,300 cubic centimeters 
of thin, liquefied blood were aspirated, and the in- 
stillation was repeated immediately. The following 
day 570 cubic centimeters of blood were withdrawn, 
and the tube removed. Three hundred and sixty 
cubic centimeters of serosanguineous fluid the fol- 
lowing day and a negative aspiration the succeeding 


day concluded therapy. Complete abatement of 
symptoms and roentgen clearing occurred simultane- 
ously, and the patient was fully ambulatory and 
asymptomatic by the eighth day after wounding. 


Finally, if none of these measures succeeds 
in clearing the pleural space, surgical decorti- 
cation is indicated provided there is a per- 
sisting, symptomatic, clotted hemothorax. We 
performed one true decortication on a “ripe” 
peel (the enzyme failure aforementioned) (Fig. 
8) although removal of much clotted blood 
and an early fibrin peel was performed in 2 
other patients operated upon early in the 
postwounding period. No patient was evacu- 
ated from this activity with any evidence of 
clotted hemothorax. 

The lung. The management of the paren- 
chymal component of the wound is at once 
the simplest and the most difficult; simple 
because of the little active therapy required, 
difficult because of the temptations involved. 
The core of the matter is that in the over- 
whelming preponderance of cases there is 
nothing to be accomplished surgically. It is 
exceedingly uncommon for bleeding to con- 
tinue when the previously outlined manage- 











Fig. 9. This missile, removed because of size and loca- 
tion, was resting on the left main-stem bronchus. 


ment is adhered to. Very rarely will portions 
of pulmonary tissue be so devitalized as to re- 
quire resection (once in this series). Foreign 
bodies, to be discussed separately, are none 
too frequent an indication for exploration. 
Patients with associated wounds of the major 
vascular circuits will more often than not have 
exsanguinated before treatment is possible. 
In World War II considerable diversity of 
opinion existed regarding indications for 
standard thoracotomy and its expected inci- 
dence. Nevertheless the greatest body of 
authority emphasized a figure of from 5 to 
I5 per cent requiring open operation. Our 
figures are fundamentally in agreement. We 
believe that the characteristic findings of 
hemothorax are best managed by simpler 
means. A hemorrhagic, consolidated lung 
resembling a piece of raw steak, well secreted 
foreign bodies that cannot be found, and pul- 
monary lacerations that leak air and ooze 
blood (both readily controlled without opera- 
tion) render most dubious the heroic rationale 
of thoracotomy and should leave the surgeon 
wondering what this procedure accomplishes. 
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Excluding the 20 combined thoracoabdomi- 
nal wounds (to be considered separately) there 
is an incidence of 14 thoracotomies in 40 pa- 
tients or 35 per cent at this activity. Seven 
or 20 per cent were performed at other hospi- 
tals before arrival on the Consolation, and 
from the records it seems unmistakable that 
6 of these 7 operations did not meet the proper 
criteria to warrant them. In all 6 instances 
surgery was embarked upon without correct 
determination of preoperative bleeding, which 
when continuing or severe is probably the only 
indication for emergency surgery. The ulti- 
mate fates of these 6 patients will be de- 
scribed subsequently. 

There were then 8 indicated thoracotomies 
in this group of 4o patients, an incidence of 
20 per cent. Of these only 4 were performed 
for the bleeding emergency, an incidence of 
ro per cent (1 being the result of a nearly 
transected middle lobe with the devitalized 
smaller portion barely attached). Of the re- 
maining four, 1 was the decortication already 
cited as occurring 7 weeks after injury, and 3 
were for the removal of large or crucially 
situated foreign bodies. 

What then are acceptable indications for 
thoracotomy in war wounds of the thoracic 
respiratory apparatus? Apart from the treat- 
ment of late complications which no longer 
represent the trauma problem, the following 
should be considered: (1) continued or severe 
bleeding, (2) large or critically placed foreign 
bodies, (3) massive, continuing air leak. 

In the patient surviving long enough to 
reach a hospital, the question of how serious 
is the bleeding may be settled by prompt and 
complete blood replacement with simultane- 
ous blood studies, serial clinical and roentgen 
examination, and of especial importance re- 
peated pleural aspirations. By application of 
these criteria, 4 of our patients (1 with an 
associated cardiac wound) came to early 
operation. 

Foreign bodies of greater than 2 centimeters 
in diameter are apt to have carried much 
bone, clothing, and other debris with them, 
as well as being likely to cause serious bleed- 
ing. High grade contamination, lung abscess, 
and hemorrhage may thus follow. Ordinarily 
removal of these foreign bodies is not an 
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emergency, but is definitely advisable when 
the patient’s condition is suitable. Sizable 
foreign bodies in the pleural space, very close 
to the lung hilum, or in other critical areas 
had also best be removed. We performed 
thoracotomy primarily because of a foreign 
body in 3 instances. In 2 of these a large 
shell fragment lay in the pleural space and 
was thought to predispose to empyema. In 
the other a No. .30 caliber rifle bullet was 
resting upon the left main-stem bronchus 
(Fig. 9). 

We have had no experience with massive, 
continuing air leak, but an occasional case of 
tracheobronchial wound, not responding to 
conservative measures, undoubtedly would 
require direct repair. 

MORBIDITY 

Because of the multiplicity of so many war 
wounds, it is not pertinent to consider all 
complications since many are related to in- 
juries of extrathoracic structures. The tho- 
racic complications in this series beyond the 
expected difficulties in the protracted clearing 
of lung wounds included: 8 instances of 
atelectasis and/or pneumonia; and 1 each of 
recurrent pleural effusion and empyema. This 
represents an incidence of 10 thoracic compli- 
cations occurring in g patients out of 60, or 
15 per cent. Of these g patients, a thoracotomy 
was performed in 6, and of those 6, 5 (with 6 
of the complications) were definitely in the 
group not meeting the criteria for surgical 
exploration. In other words two-thirds of the 
chest complications occurred in patients un- 
dergoing thoracotomy, and five-sixths of these 
operations we believe were unwarranted. 
Hence here is a sweeping indictment of ill 
considered thoracotomy in war wounds, not 
only because it entails the engrafting of major 
surgical and anesthetic trauma on the acute 
wounding process, but also because of this 
very eloquent incidence of serious chest com- 
plications. Contrast these figures with the 
occurrence of 4 thoracic morbidities in the 
remaining 55 cases not subjected to surgery 
or in whom surgery met precise indications, 
and the conclusion is beyond question. 


CaAsE 42. This 18 year old marine was admitted 
‘o another activity with a missile wound of the chest 
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Fig. 10. Film of 27 year old Korean marine on whom 
thoracotomy revealed 4 lung perforations without active 
bleeding. Protracted convalescence attended by severe 
atelectasis and pneumonia followed. Note large chest wall 
missile, overlooked at original surgery, found in pool of 
pus when secondarily removed. 


on February 24, 1953. On admission there was no 
evidence of shock, only moderate respiratory dis- 
tress. The admission hemogram revealed a hema- 
tocrit of 37 and a hemoglobin of 12 grams. Imme- 
diate aspiration of the left pleural space yielded 800 
cubic centimeters of air. The wound was débrided 
and a fine polyethylene tube inserted in the left 
second interspace anteriorly. The following day 
hemoptysis and an absence of breath sounds on the 
left were recorded, and “watchful waiting’ was 
advised. On the second day after wounding x-ray 
examination revealed a large amount of fluid on the 
left, and without further diagnostic or therapeutic 
measures thoracotomy was performed. A _ large 
amount of blood was evacuated, but no active bleed- 
ing was encountered. A missile and some bone 
spicules were removed, and a tube left in the chest 
for drainage. Eight days later a spiking fever was 
noted, a wound infection drained, and 150 cubic 
centimeters of pus aspirated from the left pleural 
space, from which culture disclosed the offending 
organism to be Bacillus subtilis. Two days later 
a tube was inserted through a separate incision for 
closed drainage. Large doses of morphine at fre- 
quent intervals were required for pain relief. Psychi- 
atric consultation at this time produced a diagnosis 
of immature personality. He was transferred to the 
Consolation on March 13, 1953 for evacuation to 
Japan, at which time (18 days after injury) he had 
lost 35 pounds, was extremely debilitated and 
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TABLE I.—INCIDENCE OF INITIAL MAJOR CHEST 
WALL CHANGES AND LESIONS ASSOCIATED 
WITH THORACIC WOUNDS RESULTING FROM 
THE ONE MISSILE 


Per 
cent 


“Sucking” wounds 16.6 
Nonpenetrating wounds 6.6 
Marked paradoxical respiration. ...... rey 
Thoracoabdominal wounds........... 2o.3 
Thoracic spine wounds........:...... 10. 
Brachial plexus wounds.............. 7 it, 
Associated major vascular injury rt. 

Intercostals 

Axillary vein 

Axillary artery 


anxious, and in intense pain. The entire thoracotomy 
incision had broken down and communicated with 
a segment of the left pleural space. Immediate 
efocaine intercostal blocks abolished his pain, and 
he never received another narcotic injection. Two 
days later the disrupted wound was completely 
excised, irrigated, and closed with deep wire sutures. 
On intensive treatment with antibiotics, trans- 
fusions, and nutritional measures, he began to im- 
prove. When last seen 2 weeks later his wound had 
healed, his tube had fallen out, his lung was fully 
re-expanded, and he was afebrile and gaining weight. 


Apart from a death in a combined heart- 
lung wound, no morbidity of any type oc- 
curred in the 7 thoracotomies performed on 
the Consolation. 


ON CERTAIN WOUND COMBINATIONS 


A thoracic wound in conjunction with cer- 
tain other wounds has special implications 
which merit brief consideration. 

Thoracoabdominal wounds. Twenty of these 
occurred in this series. They comprise a spe- 
cial field of traumatic surgery, and shall not 
be dwelt upon at length here. Attention is 
called to the fact, however, that they all re- 
quire laparotomy, but that thoracotomy in 
these cases should be dictated by the same 
indications as in thoracic wounds alone. Dia- 
phragmatic continuity should always be re- 
stored. High grade contamination of the 
pleural space by feces, bile, or gastrointestinal 
secretions should be mechanically removed 
and adequate drainage established. If access 
to an abdominal structure is best accom- 
plished via the chest, thoracotomy is legiti- 
mate. However, apart from these situations, 
the indications for thoracotomy are the same, 
and the operation merely as a routine is to be 
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avoided. Laparotomy and employment of 
the more conservative means for handling 
thoracic wounds will suffice in many instances. 
In the 20 thoracoabdominal wounds in this 
series, only 8 or 40 per cent required a com- 
bined operative approach. There were 4 
deaths, a mortality rate of 20 per cent, in 
these combined wounds. Three of them re- 
sulted from acute renal insufficiency, and the 
fourth from irreversible hemorrhagic shock 
in a patient with a shattered spleen, retroperi- 
toneal hemorrhage, transection of the spinal 
cord, and a large pulmonary wound. Welch 
and Tuhey report a 27 per cent mortality in 
combined wounds in World War II. 

Associated spinal cord wounds. Six (10 per 
cent) of our patients had a spinal cord lesion, 
all with complete paralysis. Only 1 of these 
patients ultimately began to recover function 
below the thoracic level. The serious char- 
acter of this combination cannot be over- 
emphasized. Two of these patients suc- 
cumbed. Of the remaining 4, all presented 
difficult problems in management of the tho- 
racic respiratory apparatus. In addition to a 
thoracic wound, these patients are plagued 
by prolonged immobility and weakened tho- 
racic musculature, predisposing to atelectasis 
and pneumonia. These complications devel- 
oped in 2 of our 4 survivors. 

Acute renal insufficiency. Attention is called 
to the highly lethal character of this lesion. 
Prolonged hypotension, incompatible blood 
transfusion, and injuries with massive soft 
tissue destruction especially predispose to it. 
Three of our patients developed this compli- 
cation; 2 were promptly sent to the Army’s 
artificial kidney unit; all 3 died. These data 
are meant to underscore the need for rapid 
and complete blood replacement and greatest 
possible care in preparing blood transfusions. 


RESULTS 


The 4 deaths in our series occurring among 
the 20 patients with thoracoabdominal in- 
juries have already been mentioned. In the 
entire series 1 other death occurred in a pa- 
tient with a combined heart-lung wound, 
which included involvement of a major coro- 
nary artery. This patient did not reach the 
Consolation until 4 hours after wounding, at 
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which time he was moribund. Death oc- 
curred during surgery. 

For the entire series there were 5 deaths, a 
mortality rate of 8.3 per cent. West reported 
a 15.9 per cent mortality rate in World War II 
and a 24.05 per cent rate in World War I. 
Doubtless the improvement during the Kore- 
an episode may be traced in a large measure 
to the vest. Excluding the thoracoabdominal 
wounds, there was 1 fatality in 4o cases, a 
rate of 2.5 per cent. 

All patients were retained at this activity 
at least until no further definitive therapy 
was required for the chest lesion. Excluding 
the 5 patients who died and the 1 Korean who 
was kept for 7 weeks in order to perform a 
decortication, the average time from the date 
of injury to achieve that result in the other 
54 patients was 12.4 days. In the majority 
of instances, recovery has been incredibly 
rapid; and often evacuation has been dictated 
more by military protocol than necessity, 
return to full duty having been entirely 
easible. 


SUMMARY AND CONCLUSIONS 


1. An analysis of 60 war wounds of the 
‘thoracic respiratory apparatus from the Kore- 
in War is presented. 

2. An incidence of about 4 per cent of all 
wounds indicates that the protective vest has 
wrought no quantitative reduction in those 
coming to hospitalization, but it is strongly 
believed that many previously fatal wounds 
have been converted to survivals, a hospital 
increase probably offset by the formerly less 
severe cases now sustaining no wound at all. 

3. Pathology and treatment are reviewed 
according to the ingredients of the thoracic 
respiratory apparatus, namely the thoracic 
wall, the pleura, the lung, and the tracheo- 
bronchial tree. 

4. General therapeutic measures applicable 
to all thoracic wounds are described. 

5. Proper débridement of the chest wall is 
emphasized, with particular reference to 6 
patients requiring secondary operations for 
removal of large or critically placed missiles. 

6. A case of paradoxical respiration treated 
surgically is presented. 
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7. Great emphasis is placed on early and 
complete clearing of the pleural space in order 
to effect maximal return of respiratory func- 
tion. In order of priority, needle aspiration, 
tube drainage, enzymatic dissolution, and 
decortication are the means of achieving this. 

8. It is particularly noted that strep- 
tokinase and streptodornase may be utilized 
as soon as clotting in the pleural space renders 
blood too viscous for needle or tube aspiration. 

g. The harmful consequences and useless- 
ness of promiscuous thoracotomy are re- 
viewed. Apart from thoracoabdominal in- 
juries, the incidence of indicated thoracotomy 
in this series was 20 per cent, ro per cent 
being for the bleeding emergency. Acceptable 
indications for thoracotomy in war wounds 
are outlined. 

10. Ten thoracic complications were dis- 
tributed among 9g patients, and 6 of these com- 
plications occurred in 5 patients submitted to 
thoracotomy without proper indications. 

11. Certain combinations of thoracic and 
other wounds are mentioned. Of 20 thoraco- 
abdominal wounds, only 40 per cent required 
thoracotomy. Thoracic spine lesions are fre- 
quently associated with respiratory compli- 
cations. Three patients in the series, 2 having 
thoracoabdominal wounds, died of acute renal 
insufficiency. 

12. There were 5 deaths, an over-all mor- 
tality of 8.3 per cent. The fatality rate in 
thoracoabdominal wounds was 20 per cent 
while in all others it was 2.5 per cent. 

13. Rapid, thorough rehabilitation was the 
rule in surviving patients. 
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HEPATIC COMA FOLLOWING 


ISCHEMIA OF THE LIVER 


A. M. RAPPAPORT, M.D., Ph.D., MALCOLM H. MACDONALD, M.D., and 
Z. J. BOROWY, M.D., Toronto, Canada 


TATES of decreased blood flow to the 
liver have commanded increasing clin- 
ical and surgical interest since the 
demonstration of the importance of he- 

patic anoxia in the physiology of shock which 
is often met with in surgery. On the other 
hand operative procedures which cut down the 
blood supply to the liver have come into more 
general use for the treatment of portal hyper- 
tension. An experimental investigation of the 
effects of hepatic ischemia ‘is therefore of 
interest to the surgeon. 

In earlier experiments (26) we demonstrated 
that this huge vascular organ, the liver, can be 
completely deprived of its regular blood sup- 
ply and yet survive on its collateral circula- 
tion alone. We accomplished this by a three 
stage procedure in which all branches of the 
hepatic artery and portal vein were successive- 
ly tied off. We allowed 4 to 6 week intervals 
between the different stages for the develop- 
ment of collateral vessels. During these exper- 
iments some of the dogs went through various 
states of acute hepatic failure. They displayed 
signs closely resembling those seen in human 
hepatic coma. These observations made us 
strive for a more regular experimental repro- 
duction of this still unexplained clinical entity. 
After many trials, the following method was 
devised. 

METHOD 

Dogs, preferably of the mongrel terrier type, 
weighing 12 to 15 kilograms and fed a com- 
mercial dog food were anesthetized with nem- 
butal® (35 mgm. per kilogram of body weight). 
A midabdominal incision was used to expose 
the portal vein and to perform a side-to-side 
portacaval anastomosis with the Fischler- 
Schroeder cutting thread technique as modified 
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by Fishback. The portal vein was ligated 
above its last tributary. A linen thread was 
then looped around the common hepatic 
artery but not tied (Fig. 1a); its ends were 
cut 3 inches long and left in place. The ab- 
domen was closed in 3 layers by running 
sutures. The abdomen was reopened, 24 to 48 
hours later, under nembutal* (14 the anes- 
thetic dose) or ether anesthesia. The ends of 
the linen thread were located, grasped with 
two hemostats, and tied (Fig. rb). This tech- 
nique of ligation reduced the second operative 
shock to a minimum and avoided unnecessary 
bleeding from handling the slightly congested 
abdominal viscera. Before closure of the ab- 
domen 200,000 international units of crystal- 
line potassium penicillin were instilled into 
the peritoneal cavity. The jugular vein was 
then prepared and a cannula was tied into it, 
ready for the postoperative, continuous in- 
fusion of glucose. With the aid of a constant 
infusion pump, 12.5 per cent glucose in saline 
or Ringer’s solution was given at a rate equi- 
valent to 0.25 gram of glucose per kilogram of 
body weight per hour for 2 to 4 days. Recent- 
ly thiamine chloride go milligrams, nicotina- 
mide 100 milligrams, riboflavin 90 milligrams 
per liter have been added. Antibiotics, 300,- 
ooo international units of penicillin G in oil 
and 400 milligrams of streptomycin, were ad- 
ministered intramuscularly daily. In a small 
series of 7 dogs aureomycin, 100 milligrams 
daily, was given intravenously instead of 
streptomycin. 

Liver biopsies were taken in some of the 
dogs as part of a follow-up study of the 
pathologic changes and their repair. Autop- 
sies were performed on all the animals that 
died or were sacrificed. A thorough pathohist- 
ologic study of this material was kindly done 
by Dr. W. Stanley Hartroft but only the 
essentials will be reported here. Electroen- 

















RAPPAPORT ET AL.: 


cephalographic studies were carried out by 
Dr. J. W. Scott of the Toronto General Hos- 
pital on animals with characteristic signs of 
coma. Blood samples were taken before opera- 
tion and 24 to 48 hours after ligation of the 
common hepatic artery in order to study the 
pathochemistry of the nitrogenous products of 
metabolism, which will form the subject of 
another paper. 


RESULTS 


A total of 40 dogs underwent the inter- 
vention described. The results are summa- 
rized in Tables I and II, grouped according 
to the time interval that elapsed between the 
formation of the Eck fistula and the ligation 
of the common hepatic artery. Thirteen dogs 
died within 24 hours (mostly late at night). 
We found it difficult to judge their state of 
consciousness during these immediate post- 
operative hours and to assess which of the 
signs displayed were due to either anesthesia 
or postoperative shock and its complications. 
Although, microscopically, most of these dogs 
showed hepatic necrosis we felt that they 
should not be included in this experimental 
study of the clinical phenomena associated 
with hepatic coma. 

Clinical observations. The signs observed in 
dogs that died from coma were dramatic and 
lasted from 24 to 96 hours. We would de- 
scribe the course as follows: Upon coming out 
of ether anesthesia after the second operation, 
the animal was co-operative and alert. When 
nembutal® (about 14 the normal anesthetic 
dose) was used, it remained anesthetized for 
12 to 24 hours. Although fever was present, 
the pulse was slow and full, about 60 to 80 per 
minute. By the next day definite disturbances 
of consciousness and co-ordination were no- 
ticeable. Somnolence made the animal rest 
or nod into sleep. It could be roused but it 
remained drowsy and its movements were 
lethargic. Its gait was ataxic, its body swayed 
as it walked about. Frequently it bore its 
weight on the dorsa of its feet and stepped 
over its own paws. Ataxic movements of the 
tongue while drinking made the dog splash 
water all over its face. It stumbled and fell, 
contorting its body and remaining for hours 
in bizarre positions, for instance with its head 
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Fig. 1. a, left, Portacaval anastomosis and ligation of the 
portal stem (Eck fistula). A thread is looped around the 
common hepatic artery and not tied. b, The common 
hepatic artery is ligated in the Eck fistula animal. 


underneath its chest. Sometimes catatonic 
behavior predominated. The animal walked 
in circles with a slow spastic gait or maintained 
the same posture for long periods of time; for 
example, with its head pushed against the 
corner of the cage. A sad, glassy-eyed expres- 
sion appeared, which became more and more 
fixed. Jaundice developed, the vomitus and 
urine becoming bile-stained. Urine excretion 
decreased and eventually ceased. Tarry stools 
were observed occasionally. The drowsiness 
and somnolence deepened to unconsciousness 
and the dog lay on its side relaxed and flaccid 
as if overdosed with a sedative. Although the 
coma appeared to be profound, the swallow- 
ing reflex was not obliterated until a few hours 
before death. The eyes remained wide open 
and the pupils were extremely dilated, but the 
corneal reflex was present. There was no 
papillary edema. The dog did not respond to 
stimuli. Practically no cerebral activity was 
demonstrable in the electroencephalogram 
(Fig. 2a, HC-57). Muscular twitchings in the 
limbs and neck increased in intensity and be- 
came convulsive. Rigidity and spasm ap- 
peared terminally. Later, the pulse became 
very rapid, thready, and difficult to palpate. 
Respiration became progressively deeper, 
noisier, and finally stertorous. Cheyne-Stokes 
respiration was sometimes observed before 
death. Occasionally, in contrast to the flaccid 
type of unconsciousness, there occurred a rest- 
less, hyperexcitable, maniacal state, associated 
with numerous muscular twitchings and tonic 
contractions. The animal thrashed about in 





































































‘ hanateni: for second stage operation: E =ether, N =nembutal 
2 Inf.=by continuous infusion: Inj. =by intravenous injection 


’ Time after second stage operation 
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TABLE I.—DOGS OPERATED UPON WITH A 24 TO 36 HOUR INTERVAL BETWEEN THE FORMA- 
TION OF AN ECK FISTULA AND LIGATION OF THE COMMON HEPATIC ARTERY, AND SUR- 
VIVING LONGER THAN 24 HOURS 
| Coma | 
Dog No.| Anes.! | Glucose? |Survivals Pathoanatomy Remarks 
Deep Semi None | 
HC-18 N Inf. + _ _ 30 hr. | In the liver theres is aay necrosis. 
| Renal congestion 
HC-52 | E Inf. _ - | + 36 hr. | Centrohexagonal necrosis, fat ‘droplets: in| Drowsiness 24 hours after 2nd 
| | | necrotic tissue stag 
HC-53 E | Inj. | = 4) - | 234 mos. | No frank necrosis (Fig. 9a). Parenchymal ‘Semicomatose for 3 days, bra 
| cells contain ceroid dycardia. Repeated attacks 
| of hepatic lethargy 2 mos. 
_Postop. sacrificed 
HC-56 | E Inj. | — = | aa | 6mos. | Fatty vacuolation, scarce fibrosis around 
| | central veins 
HC-57 | I Inj. | + - | - 48 hr Typical widespread centrohexagonal necro-| See electroencephalogram (Fig. 
| | sis, fatty parenchyma bordering the necro- 2a 
| | tic zones 
HC-58 E | Sal; |} — +4 — 7 mos. Centrohexazonal intracellular fat, extending See electroencephalogram (Fig. 
| | | into midzones. Prenecrotic lesions in the| 2b). Glutamic acid experi- 
| | | | centers of some hexagonal fields ment. Died after several 
| | bouts of hepatic lethargy. 
“HC. be ‘i. EB | Inj. + _ _ 79 kr Moderately wide zones of centrohexagonal} Comatose for 35 hrs. Hypo- 
| hemorrhagic necrosis. Mild fatty changein} glycemic (40.4 mgm. %) 
: | | adjacent tissue (Fig. 10) 
“HC-8. 84. | N Inf. - = ee - 35 hr. | Widespread hemorrhagic necrosis in center of 
| hexagonal field. Small rims of periportal 
| tissue surviving (Fig. 3) | 
HC- 85 N | Inf. | + _ - 96 hr. E xtensive femarchaeic necrosis around cen-| 
| tral veins. Considerable fatty change in| 
the necrotic areas | 
HC-86 N Inf | + - | - 68 hr. | Extensive hemorrhagic necrosis in center of| 
hexagonal fields, only small periportal rims 
| | left in many places 
HC-87 N tant: + - | — | 37hr. | Centrohexagonal congestion and necrosis, ra- Hypoglycemia (32 mgm.% 
| | | diating diffusely into moderately fatty pa- Convulsions not ‘aind by 
| | | renchyma. Considerable fat in renal glo- 1.V. glucose 
| | meruli and tubules 
HC-89 N Inf + - — | 55 hr. | Very widespread necrosis occupying the inner 
| | 2/3 of and sometimes entire hexagonal 
| | | fields 
HC-90 E Inf. | - sae soo 37 hr. | Liver extreme ly ischemic i in the ¢ gross. Mod- ‘Hyposlyc emia ia (13. 6 mg mgm. n.% al- 
| erate centrohexagonal hemorrhagic necrosis ough infused with glucose 
| (0.25 gm./kgm. b.w./hr.). 
a Died in convulsions 











apparently horror-stricken flight. Generalized 
convulsions were more common in this type, 
but did occur in both. They were usually 
followed by periods of deep coma. After 
several such bouts death ensued. 

The postoperative course of an animal dis- 
playing characteristic signs of transient he- 
patic coma is illustrated by the following 
experimental record. 


A66—yellow hound-terrier mongrel, female 9.8 
kilogram body weight. April 17, 1951, 10 a.m.: 
Under nembutal anesthesia (35 milligrams/kilo- 
gram body weight) a total Eck fistula was carried 


out. Crystalline potassium penicillin G, 200,000 
units, intraperitoneally; 300,000 units of procaine 
penicillin G in oil intramuscularly. 

April 18, 1951, 10 p.m. (36 hours after the previ- 
ous operation): anesthesia with 214 cubic centi- 
meters of nembutal solution for veterinary use. This 
represented half the usual amount necessary to anes- 
thetize a dog that weighed almost 10 kilograms. 
The common hepaticartery was ligated; 200,000 units 
crystalline penicillin G was administered intraperi- 
toneally. The right jugular vein was cannulated. The 
cannula was connected to an infusion pump which 
delivered a 12% per cent solution of glucose saline 
at a rate of 24 cubic centimeters per hour. 

April 19, 1951, 10 a.m. (1st postoperative ‘day): 
Dog conscious, but still drowsy and could not stand; 
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TABLE II.—DOGS OPERATED UPON WITH A 36 TO 48 HOUR INTERVAL BETWEEN THE FORMA- 
TION OF AN ECK FISTULA AND LIGATION OF THE COMMON HEPATIC ARTERY, AND SUR- 
VIVING LONGER THAN 24 HOURS 































































































Coma | } 
Dog No.| Anes.! | Glucose? | <1 —|Survivalé Pathoanatomy | Remarks 
| Deep | Semi | None | | 
HC-3 | N Inf. —- | + | — | 7 days | Small liver. Active necrosis is past, mono- 
| | | cytic infiltration (Fig. 4) | 
HC-14 N Inf. cal —- | + 40 days | No autopsy | Attacks of hepatic lethargy 
HC-22 N Inf. + | - —- |40 hr. Centrohexagonal lytic necrosis involving i in- | 
| | | | ner % of hexagonal field | 

HC-28 N Inf. | + | - | - 51 hr. Centrohexagonal necrosis. No fatty change.| Generalized moderate edema 

| | ema in the skin | hypoglycemia 56.7 mgm.‘ 

HC-36 N | Inf. - | + - | 40 he Centrohexagonal areas of necrosis with ill de-| 

| | | fined borders 

HC-44 E Inf. -.| - + 14% days Centrohexagonal necrosis extending to peri-| 

|* portal region | 

HC-47 E Inf. — | + — | 36hr. | Severe degree of centrohexagonal necrosis, | 

| little fatty change. Long standing sub-| 
| | | acute pyelonephritis 

HC-49 E Inf. | - | + _ | 10% | ‘Degenerated cells around central veins. . Pro- After 400 gm. "meat, repeated 

| mos. | liferation of bile ductules (Fig. 9) | attacks of “meat intoxica- 
| | | tion’? 7 months postopera- 
| tive 

HC-50 E - - | - + | 234 mos.| Postmortem change obscures picture com- Hepatic lethargy (“ meat intoxi- 

| pletely | cation’? although never fed 
| meat) 

HC-70 E Inf. - - + 6 mos. | Alive still Postoperatively: slight somno- 
lence, bradycardia. “Meat in- 
toxication”’ after 400 gm 
meat. Asleep for 36 hours, 

after pentothal anesthesia. 

HC-73 E Inf. - - + 13 days. Biopsy: Extreme glycogenic vacuolation. No} Died from /4 anesthetic dose of 

| active necrosis. Mononuclear infiltration) pentothal used for liver bi- 
around central veins (Fig. 5) opsy 

| Autopsy: No blood in abdomen. Recent cen- 
trohexagonal hemorrhagic and lytic necrosis 

| (Fig. 11) 

HC-76 N Inf. - | _ + 14 days Rather extensive fibrosis in centrohexagonal]| Sacrificed | because of distemper 

regions. Ovoid calcified (?) bodies 

HC-83 E Inf. - | - + 2 mos. | Intracellular fat around central veins. In cen- Given % anesthetic dose of 

ters of a few hexagonal fields moderate re- pentothal, regained _con- 
cent necrosis sciousness in 36 hr., died 
after 72 hr. 

HC- 88 N Inf. ~ — + alive After % anesthetic dose of pen- 
tothal asleep for 36 hr. 
Downhill course with repeat- 

| ed attacks of hepatic lethar- 
gy, muscular twitchings, and 
| ; 
| generalized edema 











1 Anesthetic for second stage operation: E=ether, N =nembutal 
2 Inf.=by continuous infusion; Inj.=by intravenous injection 
5 Time after second stage operation 


weak hind legs. Twitchings in the muscles of 4 p.m.: Drowsiness increases. Glucose infusion 24 
shoulder region; 200 milligrams streptomycin. Con- to 31 cubic centimeters per hour. Continued nod- 
tinuous glucose infusion 31 cubic centimeters per ding, waking up, and falling asleep again. 
hour; 300,000 units of penicillin. April 21, 1951, 9 a.m. (3rd postoperative day): 
April 20, 1951, 10 a.m. (2nd postoperative day): Dog comatose. Regular deep respirations, some- 
Dog swaying after standing up. Pulse 90. Drank _ times sighing. When forcefully aroused, drank milk; 
milk and water when offered. Mostly lying down when put on its feet slid slowly down holding hind 
and sleepy, but still reacting to its surroundings. and forelegs in bizarre positions. After drinking 
2:15 p.m.: Vomited several times. Urinated bile- | water swayed around and stopped in corner of cage, 
stained urine. (Blood sugar 0.72 mgm. percent. Peni- with head against bars 15 to 30 minutes in a cata- 
cillin 200,000 units by infusion, 300,000 intramuscu- _leptic manner, then fell down. Antibiotics intramus- 
larly; streptomycin 200 mgm. intramuscularly. ) cularly. Glucose infusion (24 c.c. per hour). 
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Fig. 2. a, Dog HC-57. Electroencephalogram. Deep 
coma, no anesthetic. Muscle and electric artefact are pres- 
ent. No cerebral activity detectable. b, Dog HC-58. 
Electroencephalogram. Stuporous but awake; no anesthe- 
tic; 3 to 4 cycles per second slow waves and movement 
artefact from the frontal regions. Muscle and low voltage 
3 to 4 cycles per second waves from the occipital regions. 


12 p.m.: Snoring breathing, regular, slow, and 
deep respiration. Pulse 160 per minute. 

April 22, 1951, (4th postoperative day): Dog had 
more expression on its face, lifted its eyebrows at 
insistent calls. Could not stand on its feet. Nau- 
seated and drooled at the sight of milk. Awkward 
(ataxic) movements of its cherry red tongue when 
lapping water. Only sometimes hit the surface of 
water because of unco-ordinated position of its head 
which was held up (instead of bent down); twitching 
of hind leg and neck muscles producing a discrete 
shaking of head. 

April 23, 1951, (5th postoperative day): Dog rose 
when water was put in its cage, and drank it. 
Actively refused to take milk, which produced 
nausea and vomiting. Still muscular tremor in its 
hind legs, which showed slight edema. Antibiotics. 

April 24, 1951, (6th postoperative day): Pro- 
nounced edema of face (especially lower eyelids), 
neck and legs. Leg muscles were still twitching dis- 
cretely. Firmer gait. Drank water spontaneously. 
Disconnected from infusion pump. 

April 26, 1951, (8th postoperative day): Edema 
completely disappeared. Dog active, ate bread and 
milk. 

April 30, 1951: Stitches out, ate well. 


This experimental record, although from 
another similar series, displays practically all 
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of the symptoms observed in other dogs with 
nonfatal coma produced by a similar pro- 
cedure. They can be summarized as anorexia, 
vomiting, constipation, fever, jaundice, bra- 
dycardia, oliguria, anuria, muscular twitch- 
ings, convulsions, catatonic behavior, ataxia, 
somnolence, and stupor. 

The electroencephalograms of these animals 
showed a short activity of low to moderate 
voltage from 3 to 4 cycles per second (Fig. 2b, 
HC-58). The rhythm differed considerably 
from that of the normal dog as described and 
illustrated by Faure and Rougier. 

The animals that survived coma suffered 
from anorexia during the first postoperative 
week. They usually refused milk and lived on 
water to which we added sucrose. During this 
period they had no bowel movements. Most 
of the time they lay down quietly. Later, 
usually after the first bowel movement, they 
resumed feeding and could be kept alive if fed 
a meat-free diet. The dogs remained, however, 
in a precarious state of health and had to be 
watched for the appearance of a group of 
signs observed by Pavlov and co-workers (16) 
in their Eck fistula dogs and known since in 
the literature as “meat intoxication.” These 
signs, although their appearance was hastened 
by feeding of raw meat, developed in our 
animals even though meat was rigorously 
withheld. Some of the animals became ano- 
rexic and lost weight 2 to 3 months after 
operation. They spread their food around and 
starved themselves. Blinking and spasm of 
their eyelids heralded oncoming blindness. 
The latter and the lack of cutaneous sensa- 
tion made them injure their heads by bump- 
ing and rubbing them against the walls of the 
cage. Their skin became dry and scaly and 
represented the appropriate tegument of a 
body suffering from progressive emaciation. 
The animals circled around in their cages 
driven by the push of a spastic gait. A pecu- 
liar expression similar to facies hepatica ap- 
peared on their faces, and a repugnant odor 
made these sick animals unpleasant even to 
the experienced animal caretaker. Lethargy 
and emaciation became more pronounced and 
the animal went downhill and died unless 
treated in good time. As some of these signs 
were suggestive of a vitamin A deficiency, we 
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Fig. 3. Dog HC-84. Fatal hepatic coma for 35 hours. 
\lmost the entire lobule has undergone hemorrhagic 
necrosis; only narrow periportal cuffs of parenchyma (left 
ipper corner) around the afferent vessels survived. Hema- 
oxylin and eosin stain, X8o. 


treated them with 100,000 units of vitamin A 
laily for 3 to 4 days; 300 cubic centimeters of 
(214 per cent glucose solution or 100 cubic 
entimeters of 20 per cent glucose solution 
vere injected intravenously daily because of 
he low blood sugar values which we observed 
n some of the dogs during the attacks. The 
inimals usually came out of their catatonic 
wr lethargic state when treatment was insti- 
uted soon after the onset of the first signs. 
\fter a few days they resumed feeding and 
vecame well again. However, these attacks 
ecurred, and at shorter intervals, leading to 
rreversible emaciation followed by death. 

The dogs that survived the two stage pro- 
cedure and did not show any sign of coma 
postoperatively were kept on a meat-free diet. 
They too displayed periodically similar signs 
of liver insufficiency from which they eventu- 
ally did not recover. 

All survivors became extremely sensitive 
even to reduced doses of barbiturates. As re- 
peatedly noted, a full anesthetic dose of nem- 
butal® or pentothal (30 mgm./kgm. body 
weight) injected even months after the opera- 
tion was followed by deep sleep for 36 to 48 
hours and sometimes by death. 

Pathoanatomic observations. The gross path- 
oanatomic findings in the animals that died 
from coma were quite constant: The sub- 
cutaneous fat of the animals showed a slight 
degree of jaundice. The peritoneal cavity 
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Fig. 4. Dog HC-3. 
postoperatively. Active necrosis is past and dead tissue is 
being removed. Surviving cells are situated around af- 
ferent vascular branches; cellular debris and monocytes 
in nonportal areas. Hematoxylin and eosin stain, X115. 


Semicoma for 24 hours, 7 days 


rarely contained some serosanguineous fluid, 
although frequently there were subserous pe- 
techiae and suffusions spread over the abdom- 
inal wall and organs. The latter, especially 
the kidneys, were markedly congested. The 
liver was decreased in weight. Yellowish, 
soft areas of anemic necrosis were constantly 
present throughout this organ. They con- 
trasted with the dark, congested liver lobes. 
Necrotic areas were readily seen on the cut 
surface; they did not bleed. The Eck fistula 
was patent as a rule. The gallbladder was 
slightly dilated and filled with bile. The 
stomach, duodenum, and pancreas showed a 
moderate degree of congestion, while the in- 
testines were contracted. The bladder con- 
tained a small amount of bile-stained urine. 
Petechiae and suffusions were frequently ob- 
served under the pleurae, pericardium, and 
epicardium, especially in those dogs that died 
in convulsions. 

Thus, the gross pathoanatomic lesions cen- 
tered around the liver. The constant micro- 
scopic feature was a widespread, centrohexa- 
gonal (nonportal) hemorrhagic necrosis situat- 
ed around the terminal hepatic (central) 
veins, proving that ischemia has its most dele- 
terious effect at the circulatory periphery of 
the liver units (27). It involved one-half to 
two-thirds of the hexagonal field, sparing only 
small rims of liver parenchyma around the 
terminal branches of the hepatic artery and 





754 


ner ; 


Bag! 


second stage operation. There is advanced glycogenic 
vacuolation throughout the parenchyma. The area around 
the central vein (left upper corner) is infiltrated with 
monocytes. In the center of the right half of the picture 
there is a focus of degenerated liver cells containing fat 
and pigment, probably iron. This may represent. the 
residual stigma of previous necrosis. Hematoxylin and 
eosin stain, X55. 


the portal vein, branching out from small 
portal spaces. The adjacent surviving cells 
showed varying degrees of fatty infiltration. 
In fatal cases, particularly in those that died 
within 24 to 36 hours after the second stage of 
the operative procedure, whole lobules some- 
times underwent necrosis and lysis (Fig. 3, 
HC-84). The kidneys displayed marked con- 
gestion particularly in the outer lobular and 
interlobular veins. The arteriae rectae spuriae 
of the medulla were distended, packed with 
erythrocytes and rendered prominent. 

In the dogs surviving the operations and 
manifesting only semicomatose states or no 
coma, the microscopic lesions of the liver 
parenchyma were essentially the same, but to 
a much smaller degree, as will be evidenced by 
our follow-up studies. 

Figure 4 shows the histologic picture in an 
animal (dog HC-3) that survived a semico- 
matose state for 7 days. Active necrosis is 
past and the dead tissue is being removed. 
The surviving liver cells are situated peri- 
portally. There are red blood cells, cellular 
debris, and monocytes in the centrohexagonal 
zones of the destroyed liver structure. 

The liver biopsy taken from dog HC-73, 13 
days after the second stage operation, shows 
no active necrosis. (Fig. 5). The pericentral 
areas display cellular infiltration (mononu- 











SURGERY, GYNECOLOGY AND OBSTETRICS 





clears). There is persistence of involuted fat- 
containing liver cells. Mitosis is rarely seen. 
The glycogenic vacuolation is very advanced, 
as in most of the biopsy material from dog’s 
liver. 

The liver of the animal (A-66, Fig. 6a) of 
which we described the postoperative course 
in detail and which died 4 weeks after the 
second operation shows that the periportal 
regions are devoid of either necrosis or fatty 
change. The midzonal parenchymal cells are 
filled with numerous small intracellular fat 
droplets. There is deposition of slight to 
moderate amounts of hemosiderin and bile 
pigments in the necrotic regions. Connective 
tissue stains reveal the presence of reticulin 
collapse in some of the necrotic areas; the 
reticulin itself is degenerated and stains poorly 
(Fig. 6b). 

The study of the autopsy material of dog 
HC-53 sacrificed 214 months after a post- 
operative semicomatose state lasting 3 days 
does not reveal frank hepatic necrosis (Fig. 
7a). Around the central veins in many regions 
there are altered parenchymal cells filled with 
fat which is stained light orange by Wilson’s 
oil red O method (Fig. 7b). It is old fat being 
altered to ceroid. This sudanophilic ceroid 
pigment is an indication, Dr. Hartroft be- 
lieves, of the collapsed boundaries of previous 
hemorrhagic necrosis. The persistence of cer- 
tain pathoanatomic changes 6 months after 
experimental semicoma of hepatic origin is 
evidenced by Figure 8. It represents the liver 
of dog HC-56, which displays numerous small 
foci of scattered foam cells. Special stains 
reveal that they contain fat, iron pigment, and 
ceroid material. In addition there is a non- 
portal rather patchy and irregularly dis- 
tributed pattern of coarse fatty vacuolation. 
The portal areas and the intervening paren- 
chyma are normal. Finally the liver of dog 
HC-49 showed signs of persistent liver in- 
sufficiency. This dog had undergone the oper- 
ation for production of coma 104 months 
previously. It displayed a transient semi- 
comatose state with catatonic behavior for 24 
hours postoperatively. The animal remained 
always sensitive to meat: 400 grams of raw 
horse meat brought about lethargy lasting for 
several days. When tested for sensitivity to 
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Fig. 6. Dog A-66. Hepatic coma for 6 days, survived 4 
weeks. a, There is centrohexagonal necrosis. The rims of 
surviving periportal parenchyma contain fat. Wilson’s red 


barbiturates, it died suddenly, after the in- 
jection of half the anesthetic dose of pento- 
thal. At autopsy, the liver was extremely 
congested, as is characteristic of death due to 
barbiturates. Histologically (Fig. 9) the liver 
cells were markedly degenerated, swollen, and 
vacuolated throughout most parts of the lo- 
bules. There was proliferation of bile ducts in 
many portal areas. In one such region the 
proliferated ductules were dilated and ap- 
peared cystic. However, there was no increase 
in fibrous stroma to suggest biliary cirrhosis. 

The extent of hepatic necrosis seemed re- 
lated not only to the severity of the procedure 
but also to the anesthetic agent used at the 
second stage operation. There is no doubt 
that the more hepatic vessels are ligated in a 
shorter time interval the higher will be the 
degree of ischemia and the extent of necrotic 
lesions in the organ. It is also well known 
that in patients with liver damage large doses 
of barbiturates may further injure the liver. 
Thus, even the reduced dose of nembutal® 
used during the ligation of the common hepatic 
artery at the second stage may still increase 
the damage to the liver. If we compare the 
degree of necrosis in the livers of HC-64 (Fig. 
10) and HC-84 (Fig. 3) operated upon under 
ether and nembutal® respectively, both hav- 
ing succumbed after 35 hours of coma, we find 
that necrosis is much more extensive in the 
animal which received the barbiturate. Addi- 
tional information about the liver damage due 


oil O stain, X65. b, There is reticulin collapse and hemosid- 
erin pigment around the central vein. Connective tissue 
stain, X150. 


to barbiturate administration is obtained by 
studying the liver biopsy from the animal 
HC-73 and comparing it with the autopsy 
findings in the same animal (Fig. 5, Fig. 11a 
and b). Although half the usual dose of pento- 
thal was used during the liver biopsy, 13 days 
after the second stage operation, the animal 
never regained consciousness and died from 
barbiturate poisoning 48 hours after the lapa- 
rotomy. The liver showed recent centrohex- 
agonal necrosis which was absent in the liver 
biopsy done 2 days previously. Similar nec- 
rotic lesions were found in the liver of HC-83 
which died 3 days after the injection of 14 the 
anesthetic dose of pentothal. 

Thus the formation of an Eck fistula, fol- 
lowed in 24 to 48 hours by ligation of the main 
hepatic artery, invariably causes nonportal, 
hemorrhagic necrotic lesions and fatty changes 
in the adjacent surviving cells. This patho- 
logic process is enhanced by the use of barbitu- 
rates as anesthetics. 


DISCUSSION 


When fatal hepatic coma is produced by the 
method outlined, the liver is “attacked” at its 
vital point. By shunting and occluding the 
regular blood flow to this organ we deprived 
it of a great part of its oxygen and nutrients. 
The cells subjected to severe ischemia died 
and acute necrosis developed at the circula- 
tory periphery of the liver units (27) which is 
situated in the hexagonal field around the cen- 
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Fig. 7. HC-53. Semicoma for 3 days. Sacrificed 24% 
months later. a, The cells around the central veins are 
dissociated, atrophic, and foamy. Hematoxylin and eosin 
stain, X90. b, Accumulation of ceroid material (black 


tral veins. Rims of periportal tissue still sur- 
vived on the small amount of blood which 
trickled in through the afferent vessels. 
Reduced hepatic blood flow. According to our 
working hypothesis the various nonfatal states 
of coma in our animals were due to the follow- 
ing vascular mechanism. During the interval 
of 24 to 48 hours elapsing between the forma- 


tion of the Eck fistula and the ligation of the 
common hepatic artery, the latter and the col- 
lateral vessels dilate to increase the blood sup- 
ply to the liver, now devoid of portal blood. 
In cases in which the collateral vascular dila- 
tation is optimal, subsequent ligation of the 


uring laparotomy 6 
months later. Coarse fatty vacuolation of the cells around 
the central vein (upper center) sharply outlined by con- 
densed reticulin bands. The periportal tissue (left half) is 
relatively normal. Hematoxylin and eosin stain, X65. 


clusters) around the central vein (right upper corner). The 
parenchymal cells which are situated around this area con- 
tain small fat droplets (black). Wilson’s oil red O stain, 
X8o. 


common hepatic artery aggravates the paren- 
chymal damage without completely compro- 
mising the hepatic circulation and produc- 
ing irreversible hepatic failure. There results 
heavy liver damage associated with the clin- 
ical signs of coma, which, however, regress 
with the daily expansion of the collaterals and 
the increase of hepatic blood flow. The proc- 
ess of repair slowly gains in pace and the organ 
escapes the cataclysm of anoxia. In livers of 
human patients who died from hepatic coma, 
necrosis has been frequently found superadded 
to the chronic hepatic lesions in the final 
stages. One of us (B) reviewed 8 recent cases 
of patients with hepatic coma who died in 
the Toronto General Hospital. All of them 
showed, in addition to their chronic liver 
changes, acute lesions ranging from cloudy 
swelling to frank centrolobular necrosis. In a 
recent case of a 714 year old boy who died of 
hepatic coma complicating cirrhosis in the 
Hospital for Sick Children, Toronto, pericen- 
tral necrotic lesions were present in almost all 
regenerated liver lobules. Although the corre- 
lation between hepatic necrosis and onset of 
coma has not yet been thoroughly investi- 
gated in humans, the question arises as to 
whether these necrotic lesions observed in the 
failing human liver are due to hepatic ischemia. 

The experiments of Wakim and of Mann 
and, later, of Himsworth (18) may help in the 
understanding of how hepatotoxic substances 
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Fig. 9. Dog HC-49. Semicomatose for 24 hours; died 
10% months after operation during test for pentothal 
sensitivity. Bile ducts are somewhat dilated and there is 
proliferation of bile ductules. Liver cells are swollen, de- 
generated and vacuolated. Hematoxylin and eosin, 160. 


can produce liver necrosis by circulatory im- 
pairment. In the livers of albino rats vasocon- 
striction appeared, hemorrhages developed, 
and the number of patent sinusoids decreased, 
within a few hours of the exposure of the ani- 
mals to carbon tetrachloride fumes. During 
the next 24 hours the liver enlarged, the swol- 
‘en hepatic cells encroached upon the vessels 
further obliterating their lumina and increas- 
ng the ischemia. It might be suggested that 
similar processes can occur not only in the 
icutely damaged liver, for example, severe in- 
fectious hepatitis, but also in the terminal 
stages of chronically diseased livers. 

Biliary stasis surely can cause compression 
4 the sinusoids and increased intrahepatic 
pressure which is detrimental to the hepatic 
blood flow. Drainage of the bile duct was 
‘ften of help in cases of impending hepatic 
coma as a decompression procedure that fa- 
cilitated hepatic circulation and improved the 
nutrition of the parenchymal cells (25). 

Coma produced by ligation of the hepatic ar- 
lery in cirrhotics. In the cirrhotic liver there 
is a marked diminution of the total intra- 
hepatic vascular bed. The cells are divorced 
from their normal portal blood supply and are 
ultimately nourished almost entirely by the 
hepatic artery. But prior to the onset of liver 
failure, acute degeneration is often superim- 
posed on the liver cells, producing swelling 
and thereby compression of vascular channels 
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Fig. 10. Dog HC-64. Fatal coma for 35 hours. Typical 
hemorrhagic necrosis (black pools) around the central 
vein. A fair amount of parenchyma noted in the right half 
of the picture has survived. Hematoxylin and eosin 
stain, X 100. 


with resulting ischemic necrosis. This condi- 
tion can also be brought on by hemorrhage 
from esophageal varices which frequently pre- 
cede coma. The role that hepatic ischemia 
might play in the onset of liver failure and 
coma in cirrhotic patients was recently dem- 
onstrated by the use of surgical methods de- 
signed to relieve portal hypertension. These 
procedures are very similar to those employed 
in our experiments. In the cirrhotic patient the 
pathologic process has progressively shunted 
the portal blood into the systemic venous cir- 
culation, thus creating extrahepatic and, per- 
haps, intrahepatic Eck fistulas. The surgeon 
who, for the treatment of portal hypertension 
in these patients, subsequently ligates the he- 
patic artery may find that in certain cases he 
has successfully reproduced the second stage 
of our experimental procedure for inducing 
hepatic coma. The livers of the patients who 
died from “liver-death,” “hepatic crisis,”’ “‘he- 
patorenal syndrome,” or “liver-shock,” showed 
frank and recent centrolobular necrosis. It 
seems that the initial enthusiasm for ligating 
the hepatic artery, this “simpler” method of 
treating portal hypertension, is beginning to 
show its drawbacks. We fully agree with the 
recently published critical and experimental 
analyses of this unphysiologic intervention by 
Madden, Rosenbaum, and Taylor. The in- 
genious and thorough study by Le Veen and 
co-workers on anoxia of the liver produced by 
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the lethal drop of pressure in the hepatic ar- 
terial channels should serve as an illustration 
of what might happen in certain cases after 
ligation of the branches of the celiac axis. 

Renal factor. Although in our experiments, 
coma is regularly associated with hepatic ne- 
crosis, it would be a misconception to identify 
the one with the other. The relationship be- 
tween the pathologic changes in the liver and 
coma, a clinical entity characterized by pro- 
nounced cerebral symptoms, is complex. It 
becomes even more involved when we con- 
sider the renal factor present in many patients 
with liver failure, as well as in our experimen- 
tal animals. The latter almost regularly suf- 
fered from oliguria and sometimes from anu- 
ria. Thus, our dogs may be of use in studying 
the much discussed hepatorenal syndrome, 
because the damage to their livers has been 
produced by surgical measures acting solely 
upon that organ, in contrast with methods 
employing hepatotoxic substances which may 
also affect other organs. With our method, 
any renal lesions produced would be proper 
reflections of the liver damage. Histologically, 
in the kidneys of our animals we found mainly 
vascular phenomena, characterized by extreme 
congestion of the capillaries and venules in 
both cortex and medulla. 

Hepatocerebral syndrome. However, it is 
the hepatocerebral syndrome in the picture of 
coma that needs brief review and discussion. 

We would not enlarge upon the published 
studies of the relationship between chronic 
liver disease and brain changes which were 
overtured by Kinnear Wilson’s classical de- 
scription of hepatolenticular degeneration in 
1912. The question of whether the changes 
observed in the central nervous system of cer- 
tain cases with acute hepatic disease are re- 
lated to those seen in hepatolenticular degen- 
eration is outside of our study in this series of 
animals. Limiting ourselves to the discussion 
of the disturbance of consciousness associated 
with severe hepatic disease, we must say that 
the phenomena observed in our animals re- 
sembled the three types of nervous signs ob- 
served in human patients by Adams and Fo- 
ley. We also saw transient disturbance of 
consciousness with fatal outcome as described 
by Whitfield and Arnott in their cases. 





SURGERY, GYNECOLOGY AND OBSTETRICS 





The pathogenesis of these neurologic signs 
is still a matter of conjecture. Cholemia has 
been generally discredited in the production 
of coma. Complete biliary obstruction is fatal 
but does not produce coma. On the other 
hand liver disease may terminate in coma with 
only minimal bile retention. Injection of bile 
salts into the veins or cerebrospinal fluid pro- 
duces convulsive conditions quite different 
from hepatic coma. The possibility that some 
intestinal toxin (that a damaged liver has 
failed to detoxify) causes cerebral disturb- 
ances, is not likely. If such were the case, 
these phenomena would occur more frequently 
in cirrhotic patients who had undergone a por- 
tacaval anastomosis and in whom, therefore, 
the blood coming from the intestines bypasses 
the liver completely. 

Toxic breakdown products of necrotic liver- 
tissue. The old theory, enunciated by Fre- 
richs (1860) and taken up by Spence and 
Ogilvie and later by Heyd, that toxic break- 
down products of liver substance damage the 
brain cells, still holds some ground. In these 
older experiments, a bacterial factor from the 
ischemic liver of the animal must have played 
a role. In our cases, this was ruled out by the 
extensive use of various antibiotics (12). Even 
so, we were able to induce coma by producing 
necrosis of the liver. Although widespread de- 
struction of hepatic parenchyma signifies a re- 
duction of the manifold hepatic functions to 
critical levels, we still do not know by what 
mechanism the damage of the liver is reflected 
upon the brain cell. 

Nitrogenous metabolites. Recently, different 
substances have been considered responsible 
for the onset of coma. Higher blood levels of 
nitrogenous metabolites (ammonia) as well 
as abnormal amino-acid patterns were in- 
voked as possible reasons for disturbed brain 
cell function. However, no exact correlation 
has been established between these sub- 
stances and the disturbances of consciousness, 
nor has there been a sufficient amount of ex- 
perimental work done to corroborate these 
theories. In 2 animals with characteristic 
signs of liver insufficiency, we tried a pro- 
longed injection into the common carotid ar- 
tery of glutamic acid in sufficient quantity to 
raise its level in the cerebral circulatory bed 
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Fig. 11. a, Dog HC-73. No coma. Died 15 days post- 
yperatively because of pentothal anesthesia for liver 
biopsy. In this fresh autopsy material, recent hemorrhagic 
necrosis spreads out from around the central vein (center) 
and delimits acinar areas of normal parenchyma arranged 


ibout ten times normal. Although the glu- 
tamic acid spot in the chromatogram of the 
cerebrospinal fluid was markedly increased, 
no change was noted in the animals. It would 
ve hazardous to draw any conclusion from 
these two observations. However, they make 
me doubt whether the association of the two 
yhenomena, increased glutamic acid level in 
jlasma and cerebrospinal fluid and coma, 
loes necessarily mean that the one is. the 
ause of the other. 

Another substance, unfortunately not yet 
dentified or isolated, which is responsible for 
ihe peculiar smell (fetor hepaticus) is regarded 
by many clinicians as characteristically pres- 
‘nt in impending or existing hepatic coma. 
'lowever, according to a communication of 
H. L. Butt, the same, or a similarly odorous 
substance, occurs also in patients with extra- 
hepatic obstructive jaundice and even in the 
urine of normal individuals. We were not 
able to detect this smell in our comatose ani- 
mals, in which the transition from normal 
liver function to hepatic failure was rather 
abrupt as compared with the slow deteriora- 
tion in the chronic human cases, where fetor 
hepaticus is usually noted. Although it has 
not yet contributed to the elucidation of the 
pathogenesis of human hepatic coma, it is 
still a typical sign for distinguishing coma 
due to liver disease from that of other origin. 
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about the afferent vessels of the portal fields (right and 
left lower corners). Hematoxylin and eosin stain, 65. 
b, Same field as in (a). Higher magnification makes the 
hemorrhagic and lytic necrosis ciose to the central vein 
more conspicuous. Hematoxylin and eosin stain, X160. 


A constant observation in our dogs which 
underwent the two stage operation for in- 
ducing hepatic coma was their extreme sensi- 
tivity to meat (raw or cooked). A single meal 
sufficed to bring on severe signs of the so- 
called meat intoxication observed by Pavlov 
and his associates (16) in their Eck fistula 
dogs. We wonder whether any comparable 
syndrome associated with hepatic insuffi- 
ciency has ever been observed in patients with 
portacaval anastomosis for the relief of hy- 
pertension, after they had indulged in meat.' 
Knowing that the metabolism of vitamin A 
is disturbed in hepatic diseases we medi- 
cated the animals empirically, because of 
their blindness, with large doses of vitamin A 
(100,000 units daily) and with intravenous 
glucose injections. They usually recovered 
from their catatonic state and anorexia with- 
in a few days. 

Disturbed carbohydrate metabolism. Clin- 
ical cases of hypoglycaemia of hepatic origin 
are relatively rare but do still occur. For this 
reason, and because there is a rapid fall in 
the blood sugar level following hepatectomy 
in experimental animals, continuous post- 
operative, intravenous infusion of glucose in 
half-strength physiologic saline or Ringer’s 

1 Since our article went to press, a. report by W. McDermott and 
R. D. Adams, in the J. Clin. Invest., 1953, 32: 587-588, brought 


the answer to this question. Dr. A. Riddel of the same hospital 
(Massachusetts General) communicated to us 3 similar cases. 
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solution was considered to be advisable. In 
this way, we hoped to avoid hypoglycemia as 
a possible complicating factor. However, in 
spite of such treatment, as the degree of liver 
insufficiency increased, the blood glucose be- 
came very low in 4 animals and eventually 
brought on convulsions. We did not ob- 
serve any amelioration or suppression of 
coma by adding thiamine, nicotinic acid, and 
riboflavin to the infused glucose solutions, 
which were successfully applied in treatment 
of human cases. 

A metabolic acidosis with elevated blood 
pyruvate and lactate levels is encountered 
quite frequently in patients with impending 
coma. It seems that this increase is related 
to failure of the liver to remove these prod- 
ucts of muscular carbohydrate metabolism 
from the blood. Although normal carbohy- 
drate metabolism is of great importance to 
the functioning of the brain cells, it has not 
yet been proved that the observed higher 
levels of pyruvate and lactate can bring on 
coma. In animals with experimentally pro- 
duced hepatic coma, high pyruvate, lactate, 
and ketoglutarate levels were also observed’. 
However, these and the other metabolic dis- 
turbances mentioned are met with in clinical 
cases of liver insufficiency without coma, as 
was proved by thorough investigations in the 
clinical laboratories. 

Toxicity of barbiturates. Sensitivity to bar- 
biturates was constantly observed in our sur- 
viving animals. It persisted even when they 
were clinically well. A full anesthetic dose of 
any of the more rapidly acting barbiturates 
(pentothal, nembutal") would produce pro- 
longed anesthesia followed by coma and 
death. But even half the usual anesthetic 
dose had a detrimental effect upon the ani- 
mals. Their precarious state of health would 
deteriorate with the appearance of anorexia, 
followed by emaciation and terminated by 
lethargy and death. The prolonged effect of 
barbiturates in animals with damaged livers 
was observed by Pratt, Gruhzitt, Cameron 
and others. Clinical reports have been pub- 
lished with increasing frequency enunciating 
the injurious effect of barbiturates on liver- 


2See joint article by Giges, Dein, Sborov, Seligson, and 
Howard (14). 
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insufficient patients. They are considered 
likely to induce hepatic coma in patients with 
a small reserve of functioning hepatic tissue. 
With the increased use of quick-acting bar- 
biturates for the induction of anesthesia, it 
might be well to recall the earlier experiments 
with these drugs as well as the clinical reports 
with which our findings are well in accord. 
Figures 3 and 11a and b give the histologic 
aspects of liver damage by barbiturates. We 
are also helped in understanding the reduced 
detoxifying power of the liver in our animals 
by the study of the histopathologic data 
which we followed for up to 10 months post- 
operatively. 

Pathologic lesions and their repair by in- 
creased collateral circulation. It is evident 
that, in spite of complete lack of portal blood 
supply, the livers have achieved a consider- 
able degree of regeneration. The recent ex- 
periments of Child and associates with porta- 
caval transpositions have shown that the 
liver cell does not need portal blood to re- 
generate. It needs just blood—the indispen- 
sable carrier of nutrients and oxygen. In- 
deed, if we compare the necrotic lesions in 
HC-3 (Fig. 4) in which only periportal cuffs 
of liver parenchyma, 6 to 10 cells wide, have 
survived, with the histologic aspect of the 
liver of HC-56 (Fig. 8), we must admit that 
the liver cells have accomplished tremendous 
work in complete absence of portal blood. 
On the other hand, we find it difficult to ex- 
plain why there is so little fibrosis present in 
these livers. Only narrow bands of fibrous 
tissue are seen around the central veins out- 
lining these vessels sharply. If diffuse fibrosis 
could be the result of repeatedly recurring 
necrotic lesions, then the paucity of fibrous 
tissue in the livers of our survivors might be 
explained on the basis of only a single injury 
having been inflicted, widespread though it 
was. With the establishment of collateral 
arterial circulation, the surviving cells soon 
(in about 14 days) resumed their activity, 
multiplying and filling the spaces in the re- 
ticulin meshwork that was not completely 
destroyed. Similar events might happen in 
those human cases that survived the opera- 
tions curtailing the hepatic blood supply for 
the ‘‘cure”’ of portal hypertension. They were 














saved by the fortunate presence of an ade- 
quate system of collateral vascular channels. 
These permitted coping with even the ische- 
mic lesions induced by the operative pro- 
cedure. As mentioned, we consider such pro- 
cedures additional support of our thesis that 
circulatory factors might be responsible for 
the onset of, and relief from hepatic coma. 

Surgical therapy. Little surgical therapy 
has been tried for hepatic coma, this “last 
act” of liver insufficiency. Pribram and 
Upham reported that out of 12 patients suf- 
fering from acute yellow atrophy with im- 
pending coma 8 recovered within 24 hours 
after bile drainage. This dramatic change 
surely depends upon a vascular factor too. 
By the removal of the stagnant bile, the in- 
trahepatic pressure was reduced, and the 
blood flow improved. The same authors men- 
tion 14 cases with impending hepatic coma 
reported by Dick (6, 7) which were amelio- 
rated by sympathetic block. The epidural in- 
jection of 30 to 40 cubic ceritimeters of 1.5 
per cent novocain between the eleventh and 
twelfth dorsal vertebrae has undoubtedly re- 
leased arterial spasm which curtailed the 
hepatic circulation. By the same line of 
thought can be explained the good results 
reported by Mallet-Guy for periarterial neu- 
rectomy on the common hepatic artery in 17 
‘ases with chronic hepatitis. Finally, the 
striking success which Nusimovich and Ducci 
obtained by the use of cortisone in cases of 
fulminant hepatitis with coma might be ex- 
plained by reduction of the inflammatory 
process and consequent facilitation of the 
flow of blood through the hepatic parenchyma. 
Recently Aterman and Ahmad have demon- 
strated that cortisone is likely to modify the 
vascular factor in the zonal arrangement of 
the hepatic necrotic lesions which are pro- 
duced in the rat by the administration of car- 
bon tetrachloride. 

Thus, even before we fully understand the 
biochemical mechanisms responsible for the 
onset of hepatic coma, it seems to us that 
therapeutic measures should be undertaken 
to improve the hepatic circulation in patients 
in whom this condition is impending or al- 
ready existing. Experiments along such lines 
are now in progress. 
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SUMMARY AND CONCLUSIONS 


A surgical method has been devised to pro- 
duce acute hepatic failure and coma by grad- 
ually inducing ischemic necrosis of the liver. 
This is accomplished by a two stage operative 
procedure: stage I, formation of an Eck fis- 
tula; stage II, ligation of the common hepatic 
artery. An interval of 24 to 48 hours be- 
tween the two stages of operation is most 
favorable for producing a clinical picture of 
irreversible or reversible hepatic coma. The 
shorter the time between the operations, the 
more marked are the signs of coma and the 
higher the mortality. The latter is increased 
by even the careful use of reduced doses of 
barbiturates as anesthetic for the second 
stage operation. Intensive postoperative treat- 
ment of the dogs with antibiotics is essential. 
Glucose infusion is necessary. 

Forty dogs underwent this two stage opera- 
tion, 23 under nembutal® and 17 under ether 
anesthesia. Thirteen dogs died postopera- 
tively within 24 hours; almost all of them 
showed widespread massive hepatic necrosis. 
Seventeen animals (42.5 per cent) manifested 
hepatic coma or semicoma; of these 7 under- 
went the second stage operation under ether 
anesthesia and 1o under nembutal®. The 
signs displayed by the dogs were: anorexia, 
vomiting, sometimes tarry stools, jaundice, 
fever, bradycardia, oliguria, anuria, ataxia, 
muscular rigidity, muscular twitchings, con- 
vulsions, somnolence, stupor, lethargy, coma 
with deep sonorous breathing. Electroen- 
cephalographic findings ranged from slow ac- 
tivity of low to moderate voltage from 3 to 4 
cycles per second, up to absence of cerebral 
activity. Ten dogs (25 per cent) did not show 
any sign of coma. The overall mortality of 
the operative procedure was 72.5 per cent 
(out of 40 dogs only 11 survived). The sur- 
viving dogs, kept on a meat-free diet, re- 
mained in a precarious state of health and did 
not live longer than 1 year. They were ex- 
tremely sensitive to meat-feeding which 
brought about stupor, blindness, lethargy, 
and emaciation followed by death. 

All animals showed an incapacity to de- 
toxify even reduced doses of barbiturates 
(nembutal®, pentothal). A single injection 
could induce a fatal, downhill course. 
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Pathoanatomic and histologic studies were 
followed for up to 10 months postoperatively. 
In the early stages, there was widespread non- 
portal hemorrhagic necrosis surrounded by 


fatty changes in the surviving cells. The le- 
sions were more pronounced in the animals 
anesthetized with barbiturates. 

Repair was observed about 14 days after 
operation, but it was never complete. The 
cells were atrophic, dissociated, poorly stained 
and showed fatty change around the central 
veins. Ceroid and iron pigments were reg- 
ularly present, probably stigmata of former 
hemorrhagic necrosis. There was only slight 
fibrosis around the central veins. 

The clinical signs of human hepatic coma 
have been reviewed and analogies with the 
observations made on our experimental ani- 
mals established. 

The leading theories concerning the patho- 
genesis of hepatic coma have been briefly 
summarized. The role of acute disturbances 
of intrahepatic circulation in the onset of 
hepatic coma has been discussed. The unto- 
ward effects of any surgical procedure which 
curtails the arterial circulation through an 
already insufficient liver were considered to 
be essentially similar to those of our experi- 
mental procedure for inducing hepatic coma. 
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EPATIC coma is frequently the end 
stage of progressive hepatic insuffi- 
ciency, and the metabolic and 
therapeutic problems it presents 

re complex. A detailed and comprehensive 
udy of experimentally produced hepatic 
yma might therefore be of both academic 
iterest and practical value. Stimulated by 
1e work of Rappaport (14, 15), we have 
ttempted to evaluate graded ischemia of the 
ver as a method for the production of ex- 
srimental hepatic coma. 


MATERIAL AND METHODS 


The animals studied were healthy adult 

iongrel dogs weighing 7.3 to 18.2 kilograms, 

nmunized and dewormed 4 to 6 weeks pre- 
‘ oeratively. The surgical procedure employed 
. sisted of a two stage operation. Following 
(1e production of an Eck fistula, the hepatic 
.rtery was ligated at varying intervals of 
ime. Anesthesia for the first stage was ob- 
‘1ined with nembutal administered intra- 
\enously, 30 milligrams per kilogram of body 
weight. For the second stage, nembutal in 
lalf strength doses or intravenous pentothal 
i. comparable amounts was used. Under 
sterile technique, a right thoracoabdominal 
incision was made, the right hemidiaphragm 
was split, and the liver retracted upward. This 
permitted excellent exposure of the portal vein 
and the inferior vena cava. The pancreatico- 
duodenal vein, which enters the portal vein at 
right angles in this position, was sectioned 
between ligatures. The portal vein was dis- 
sected free, ligated at the hilum of the liver, 
and sectioned between clamps. The free distal 
end was then anastomosed to the side of the 
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inferior vena cava, and the clamp removed. 
A continuous over-and-over suture with No. 
ooooo silk was used for the anastomosis. It 
was necessary to occlude the portal vein for an 
average of 20 minutes, and during this time 
the animals received blood. The incision was 
closed with silk, and 1 to 1o days later the 
second operation was performed. Through a 
midline incision, the common hepatic artery, 
having been previously identified and isolated 
with a heavy silk suture, was doubly ligated 
proximal to the origin of the gastroduodenal 
artery. In a few cases, this latter vessel was 
also ligated. 

Following the second stage, an infusion of 
5 per cent glucose in saline was administered 
intravenously for the first 5 to 15 hours. 
Thereafter, the animals that survived were 
offered a regular kennel diet of kibbled biscuit 
and horse meat. 

Antibiotics were administered according to 
several different schedules, beginning in most 
instances with the first operation and con- 
tinuing for 10 to 14 days after the second. 
The therapy used was as follows: penicillin, 
300,000 units intramuscularly twice daily (6 
dogs) ;aureomycin too milligrams intravenous- 
ly daily (6 dogs); chloromycetin, 250 milli- 
grams intravenously daily (3 dogs); penicillin 
plus streptomycin, 600,000 units and 0.5 
gram intramuscularly, daily (5 dogs); and 
penicillin plus aureomycin, 600,000 units intra- 
muscularly and 100 milligrams intravenously 
daily (18 dogs). 

Blood samples were taken at frequent inter- 
vals and the following determinations were 
made: serum bilirubin, alkaline phosphatase, 
thymol turbidity, zinc sulfate turbidity, blood 
ammonia (16), prothrombin time, serum al- 
bumin and globulin, blood glucose, alpha- 
ketogltaric and pyruvic acids (17), and 
hematocrit. Bromsulfalein tests were done at 
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TABLE I.—THE EFFECT OF PORTACAVAL 
ANASTOMOSIS ON LIVER FUNCTION TESTS 





| wn iia 
Test | No. | N Per cent 
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Urine urobilinogen | 8 . | -_ 
a-Ketoglutaric acid | 46 ; ay a 75 _ 
Pyruvic acid | gg is 10 - ae 
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Alkaline phosphatase a a a6 = (ae 25 tiie 
Albumen-giobulin ratio | i“ 6 pare ae I gsi 
Blodammonia | 12 | © | © 
Serum bilirubin cont oar 16 a ian ° : oe ° ns 
Thymol turbidity ii 16 | : ° nat ia ° 
Zinc sulfate turbidity is ice 16 pe ° i ° 
Prothrombintime | 8 | o | ° 
Blood glucose PaaS, ie = o 4 | ? ° 
Urine bilirubin 7 6 BB ee —— 





frequent intervals. Urine was collected and 
analyzed for bilirubin and urobilinogen. The 
methods employed for these tests were the 
same as those used for human studies. Blood 
cultures were taken after portacaval shunt 
and hepatic artery ligation. 

Autopsies were performed in fatal cases, 
and liver tissue was fixed in 10 per cent 
formalin. The sites of the portacaval anasto- 
mosis and ligated hepatic artery were exam- 
ined for patency. 


TABLE II.—THE EFFECT OF HEPATIC ARTERY 






































LIGATION ON LIVER FUNCTION TESTS IN 
DOGS WITH PORTACAVAL ANASTOMOSIS 
Test skdecs | tinenat | donee 

Bromsulfalein 12 12 — 
Bloodammonia 5 | 5 “100! 
a-Ketoglutaric acid a I 7 - 14 —. - 100 _ 
Pyruvicacid 14 +e |. 
Alkaline phosphatase 14 ay 99 os 
Hematocrit 7 8 i 68 
Serum bilirubin a 15 my 8 % ey _ 
Urinebilirubin. = = | 10 | 4 | go 
Albumin-globulin ratio Yt. - | a 
Urine urobilinogen eae II Sh Ba 5 ee 
Prothrombin time .. . | — 
Zinc sulfate turbidity = | : "ae ° ° 
Thymol turbidity ge 14 .- 4 ° 
Blood glucose a ae a ° ° 
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RESULTS 

Symptoms and signs. In some of the animals 
surviving more than 15 hours after the second 
stage, the following were noted: poor appetite, 
vomiting, lethargy, stupor, ataxia, coma, 
weight loss, and jaundice. High fever was un- 
common, twitching and convulsions rare, and 
fetor hepaticus was not observed. The animals 
that survived longer than 1 month became 
progressively malnourished and emaciated, 
and were cachectic terminally. 

Biochemical abnormalities. The results of 
tests performed after the Eck fistula alone are 
summarized in Table I. The data listed were 
accumulated from samples taken 24 hours to 
4 days after the first stage. Abnormalities 
were noted in the bromsulfalein test, alkaline 
phosphatase, urine urobilinogen, and keto 
acids. Following hepatic artery ligation, it 
was noted that the blood ammonia, bromsul- 
falein test, alkaline phosphatase, and keto acids 
were more frequently abnormal, the degree of 
abnormality varying from case to case. The 
tests which became abnormal after the second 
operation included: serum bilirubin, urine 
bilirubin, and the albumin-globulin ratio. The 
turbidity tests and blood glucose remained 
within normal limits in each instance. The 
prothrombin time was abnormal on 1 occasion. 

Bacteriologic studies. Blood cultures were 
obtained before and after the first stage, and 
again after the second. The postligation 
studies were uniformly negative, which may 
be related to the large doses of antibiotics 
administered. 

In 3 of 9 dogs, blood cultures obtained from 
the jugular vein prior to surgery contained 
clostridial organisms. Portal vein cultures 
obtained before antibiotics in 17 dogs at sur- 
gery, however, were consistently negative. 
Peripheral blood cultures were taken from 
dogs without antibiotics 1 hour and 18 hours 
after anastomosis of the portal vein to the 
inferior vena cava. Seven of 15 animals had 
clostridial organisms in these samples. In 3 
dogs in which an Eck fistula alone was per- 
formed and no antibiotics given, blood cul- 
tures taken 3 times weekly for 15 days after 
surgery were positive in 10 of 20 instances. 
In summary, peripheral blood cultures ob- 
tained following Eck fistula were positive in 
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50 per cent. Whether this represents a sig- 
nificantly higher incidence than that found in 
normal animals (33 per cent) cannot be stated 
with certainty. 
Postmortem studies. The findings at autopsy 
varied with the cause of death and the duration 
if life following operation. The majority of 
inimals died of hepatic necrosis within 48 
iours. In these, the severity of necrosis varied 
rom a zonal distribution limited to the central 
reas to a massive hemorrhagic necrosis ex- 
ending throughout large areas of the liver. 
\n intermediate stage was observed with cen- 
ral and midzonal necrosis and a rim of normal 
ver cells around the portal triads. The ani- 
ials that survived the initial trauma and 
ubsequently died of malnutrition and starva- 
ion demonstrated little evidence of hepatic 
ecrosis. In these instances, periportal ac- 
umulation of fat was a prominent feature. 
‘lostridial infection was responsible for death 
1 some animals. The changes in the livers 
ith gas gangrene consisted of massive necrosis 
{ liver cells leaving ghost-like remnants with 
umerous gas bubbles disrupting the parenchy- 
ial stroma. These changes were found in some 
ogs where antibiotic therapy was uninten- 
ionally delayed. 
Survival. During the course of these experi- 
ients, the antibiotics employed and the in- 
ervals between the first and second stage 
‘ere varied. A total of 38 animals were studied 
vith the two stage procedure; the results ap- 
pear in Table III. The details of the 13 dogs 

34 per cent) that developed coma! are sum- 
marized in Table. IV. An equal number of 
animals did not recover from anesthesia. In 
these, the duration of life was less than 15 
hours, and extensive hepatic necrosis was 
consistently found at autopsy. The remaining 
one-third showed no effect in the immediate 
postoperative period. These animals, how- 
ever, subsequently became progressively mal- 
nourished and died 1 to 6 months following 
surgery. At autopsy there was marked emacia- 
tion with no subcutaneous or omental fat dis- 
cernible. Similar changes were seen in 3 dogs 
in which Eck fistulas alone were performed. 


'Coma is defined broadly in this study to include those animals 
that became stuporous, semicomatose, or deeply comatose follow- 
ing recovery from anesthesia. 


EXPERIMENTAL HEPATIC COMA 


























765 
TABLE III.—SUMMARY OF RESULTS 
Did not re- — . 
No immedi- | 
Interval Coma cover from | | Total 
anesthesia ate effects 
24 hrs. | 2 I I 4 
48 hrs. | 6 7 4 17 
72 hrs. 2 ° 2 4 
4 days | 3 5 5 8 
Total | 13 13 12 38 





It cannot be stated, therefore, that this pro- 
gressive emaciation was specific for the com- 
bined operation. 

A significant factor in determining the fate 
of the animal seemed to be the duration of the 
interval between stages of surgery. Forty per 
cent of those animals in which the interval was 
less than 72 hours developed coma. Only 8 
per cent developed coma if the interval was 
4 days or longer. Simultaneous ligation of the 
gastroduodenal artery at the second stage was 
fatal in each of 3 cases. If, however, gastro- 
duodenal artery ligation was performed as a 
third stage, 4 to 6 days after the second stage, 
none of the 5 dogs died. This confirms the 
belief of Huggins and Post that adequate col- 
laterals form within a few days. 


TABLE IV.—ANALYSIS OF THE DOGS WITH 
HEPATIC COMA 





a) aes] enw 
Dog No.| Interval |Survival Antibiotic | 


Remarks 


15 days | Penicillin | Semicoma, recovery, 
| } coma 








1 | 72hrs. 
| 




















2 48 hrs. | 28 hrs. | Penicillin | Vomited blood 
3 24 hrs. 10-20 | Penicillin 
hrs. 
4 48 hrs. | 40 days | Aureomycin | Nonfatal stupor and 
| } | ataxia 
5 48 hrs. | 36hrs. | Aureomycin | 
6 | 24hrs. | 22 days | Aureomycin Nonfatal semicoma 


with twitching 
7 | 48hrs. | 40 hrs. | Chloromycetin 





| Coma and convulsions 























8 | 4gohrs. 75 days | Chloromycetin Nonfatal semicoma 
o | 72hrs. | 85 days | Aureomycin and | Nonfatal semicoma 
| | | penicillin 
io 6| 48hrs. | 20 hrs. | Aureomycin and 
| penicillin 
Ir | 8days | 36 hrs. | Aureomycin and | Simultaneous ligation 





| penicillin of gastroduodenal 
12 | 4days 30 hrs. Aureomycin and | Simultaneous ligation 
| | | penicillin of gastroduodenal 





Aureomycin and 
penicillin 





13 4 days | 24 hrs. 
| 
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TABLE V.—DIFFERENCES IN PROCEDURES USED 
BY RAPPAPORT AND LOTTO AND PRESENT 
AUTHORS 


Rappaport and 
Rien Present authors 





I Portacaval shunt 





Approach Abdominal Thoracoabdominal 
Type | Side-to-side* End-to-side 
Panc.-duod. V_| Not ligated Ligated 

. II Interval between 
operations 24-48 hrs. 24 hrs.-10 days 





III Antibiotic Penicillin and Pen, aureo, chloro, pen. 


























streptomycin and strep, pen. and aureo. 
IV Anesthesia Nembutal Nembutal and pentothal 
V Glucose I.V Continuous o-10 hours 
VI Diet No meat Meat fed occasionally 
VII Clinical picture 
Edema Present | Absent 
Neurolog. Ch 
(paralysis) Present Absent 
Fetor hepaticus | Absent Absent 
VIII Incidence of coma | 50 per cent 34 Per cent 
IX Duration of coma | 3-5 days 6-36 hours 





*Portal vein ligated at hilum therefore functionally an end-to-side. 


In one group of animals in which a study 
was made of the effect of different anesthetics, 
it appeared that nembutal was associated with 
a higher fatality than pentothal. 


DISCUSSION 


Application of the two stage operation for 
the production of hepatic coma originates 
with Rappaport (14). Mann (7) has reviewed 
the work of numerous investigators who per- 
formed simultaneous Eck fistulas and hepatic 
artery ligations prior to Rappaport’s work, 
but these authors were concerned with the 
effect on urea formation of exclusion of the 
liver from the circulation. Whipple and Hooper 
(22) also produced Eck fistulas several days 
before hepatic artery ligation. 

In order to determine which of the bio- 
chemical abnormalities are related to the Eck 
fistula and which to hepatic artery ligation, 
it is desirable to review the pertinent literature. 

Many investigators have studied the various 
effects following the production of an Eck 
fistula. Atrophy of liver cells and mild to 
moderate fatty metamorphosis are usually the 
only abnormal findings observed histologically. 
Whipple and coworkers have found a diminu- 
tion in bile pigment output (23), a defect in 
the synthesis of plasma proteins and hemo- 
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globin (24), and a decrease in the production 
of bile salts (19) in animals subjected to Eck 
fistulas. Mann and coworkers describe a defect 
in uric acid destruction (8), an inability to 
regenerate liver at a normal rate after partial] 
hepatectomy (9), and abnormality in the 
glucose tolerance test (7). Reduced dye clear- 
ance has been reported using rose bengal and 
bromsulfalein. Abnormalities have also been 
noted in serum alkaline phosphatase levels 
and in prothrombin time. Preshaw and as- 
sociates have reported that such animals also 
tolerate carbon tetrachloride poisoning poorly. 

In our experiments, abnormalities were 
noted in bromsulfalein removal, serum alkaline 
phosphatase, urine urobilinogen and_ blood 
keto acids. The possibility exists that these 
effects are secondary to the diminished hepatic 
blood flow observed after portacaval shunt. 
It is likely, however, that not all of the abnor- 
malities reported can be so explained. With 
regard to urine urobilinogen, Watson has sug- 
gested that the increase following Eck fistula 
is due to the greater renal excretion of the 
reabsorbed urobilinogen which has bypassed 
the liver. 

Diversion of the portal stream may be 
related to the elevated serum alkaline phos- 
phatase. Recent work suggests the intestinal 
origin of alkaline phosphatase in the rat, and 
with a direct communication between the 
portal and systemic beds, the rise in serum 
alkaline phosphatase may be partly a me- 
chanical one. We are inclined to agree with 
Freeman, however, who believes that this rise 
is probably due to liver damage. The sig- 
nificance of the increased blood keto acids is 
not known. 

Liver function following hepatic artery liga- 
tion has also been carefully studied. The 
pathologic changes in the liver consist of a 
varying degree of fatty metamorphosis and 
hepatic necrosis. An excellent review of the 
pertinent literature has been presented by 
Markowitz and Rappaport (10). Tanturi and 
associates studied liver function after hepatic 
artery ligation and found a decrease in 
prothrombin level, blood glucose, and serum 
proteins, and a rise in alkaline phosphatase. 
Their animals developed fever, vomiting, 
lethargy, twitching, convulsions, and coma. 
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The important difference in their study is the 
omission of antibiotics; death was related to 
clostridial toxemia. When penicillin was given, 
the changes in prothrombin, blood glucose, 
and serum proteins were minimal, and the 
alkaline phosphatase rise was attributed to the 
cholecystectomy. Collens and coworkers re- 
port a parallelism between blood glucose levels 
and severity of convulsions following hepatic 
artery ligation. Since antibiotics were not 
ivailable to these authors, their experiments 
ire not comparable to the present ones. Fraser 
ind coworkers performed serial liver function 
ests in g dogs with hepatic artery ligation 
ywrotected with penicillin from fatal liver 
iecrosis. The effects produced varied from 
1one to a severe transitory abnormality in the 
ywromsulfalein test, serum bilirubin, urine 
yilirubin and urobilinogen, and thymol tur- 
yidity. The variable response probably was 
lue to the extent of collateral circulation, as 
ias been emphasized by Gray. 

In the dogs subjected to hepatic artery 
igation at varying intervals after Eck fistula 
ormation, consistent elevations of the blood 
immonia and keto acid levels in addition to 
he abnormalities mentioned were found. The 
levation of blood ammonia is of interest in 
‘iew of the finding of Phillips and associates 
hat oral administration of ammonium salts 
roduced a clinical picture in patients with 
irrhosis not unlike that seen in early hepatic 
oma. Eck fistula alone did not produce an 
‘levation of blood ammonia in the present 
experiments, but observations were made only 
during the first few days postoperatively. In 
view of the studies of Monguio and Krause, in 
vhich elevated blood ammonia levels were 
found in Eck fistula dogs fed large amounts of 
protein, it is possible that the dietary intake 
of meat in the current experiments was partly 
responsible for the observed elevation of blood 
ammonia. 

The lack of any specific abnormality in the 
tests performed in the dogs with hepatic coma, 
although disappointing, is similar to the prob- 
lemin man. Several workers have commented 
on such a lack of specific biochemical dis- 
turbance in the hepatic coma seen clinically. 
With the majority of tests performed, a gradual 


transition was seen from mild to the most | 
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severe abnormality. This seemed to parallel 
the clinical course. No distinction, other than 
a quantitative one, could be made between 
the dogs that did and did not develop coma. 
The thymol and zinc turbidity tests remained 
normal throughout, but it has been shown 
that these tests are of no significance in 
laboratory animals. 

Despite the fact that coma was associated 
with severe hepatic necrosis, the similarity 
between hepatic coma in man and that seen 
experimentally is open to question. The im- 
portant facts that should be mentioned are the 
method of production and the species differ- 
ence. Concerning the etiologic factors, hepatic 
coma in man is rarely due to the interruption 
of the vascular supply. It is of interest, how- 
ever, that whatever the precipitating cause, 
the clinical picture may be similar. 

The species difference may be a more im- 
portant deterrent to conclusions drawn by 
analogy. Differences in the bacteriology of the 
liver, for example, have recently been re-em- 
phasized (18). Although Chau and associates 
did not find bacteria in the blood prior to 
ligation of the hepatic artery, clostridial or- 
ganisms were found in the blood stream of the 
normal dog in our studies. It is believed, 
however, that the bacteriologic differences 
were reduced to a minimum by the large doses 
of antibiotics administered 1 to 2 days before 
hepatic artery ligation. 

Detailed analysis of the variations in tech- 
nique is difficult because of the small number 
of animals in each group. Although definitive 
conclusions cannot be drawn, the data suggest 
that no significant difference in survival or in 
the incidence of coma existed between the 
penicillin and aureomycin groups. In regard 
to the interval between the first and second 
stage, we have confirmed the finding of Rappa- 
port (14) that the optimal time is less than 72 
hours. It should be mentioned, however, that 
the occurrence of coma was completely 
unpredictable. 

In Table V we have outlined the differences 
in the procedure employed in this experiment 
from those by Rappaport. In principle, there 
does not seem to be any significant deviation. 
Although the infusion of glucose did not seem 
to have a significant effect on the incidence of 
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coma, it is possible that the shorter duration 
observed by us may be related to its discon- 
tinuation after a few hours. In addition, some 
of our dogs that died shortly after the second 
stage might have been in poorer condition 
because of the thoracoabdominal approach in 
the first stage. The occurrence of edema and 
of late paralyses seen by Rappaport and not 
observed in these animals remains unexplained. 
Although no direct information was ob- 
tained concerning the factors responsible for 
hepatic coma, further studies, perhaps to in- 
clude chemical analyses of brain tissue, may 
yield fundamental information concerning its 
etiology. ; 


SUMMARY 


1. Hepatic necrosis of varying degree re- 
sults from hepatic artery ligation in the Eck 
fistula dog. In about one-third of the cases, 
it is associated with ataxia, stupor, semicoma, 
or coma. 

2. The time interval between the first and 
second stage is a significant factor in deter- 
mining whether or not an animal will develop 
hepatic necrosis, when antibiotics are adminis- 
tered in large amounts. 

3. Following Eck fistula formation, abnor- 
malities are noted in the bromsulfalein test, 
alkaline phosphatase, urine urobilinogen, and 
blood keto acids. After hepatic artery liga- 
tion, the blood ammonia level, serum bilirubin, 
urine bilirubin, and serum albumin level also 
become abnormal. The turbidity tests are 
unaltered. No specific biochemical changes 
were observed in the dogs with coma. 
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THE FORMATION OF THE POPLITEAL VEIN 


A. F. WILLIAMS, F.R.C.S., Manchester, England 


URGICAL attacks on structures previ- 
ously more or less immune from this 
form of therapy generally reveal de- 
ficiencies in the relevant anatomic and 

physiologic knowledge. The problem of deep 
venous thrombosis in the leg and the practice 
of ligating the popliteal vein have aroused 
interest in a vessel which before was of little 
clinical importance. Current anatomic de- 
scriptions of this vein are brief, of a general 
nature, and lacking in the precise detail re- 
quired in surgery. 

Gray (1949), Buchanan (1946), and Rou- 
viére (1948) give only brief descriptions of the 
popliteal vein; Cunningham (1951) and Poir- 
ier and Charpy (1920) do mention that it 
may be more than a single trunk on occasion. 
The fullest account, however, of the big veins 
in the popliteal region is given by Paturet 
(1951). He states that the posterior tibial 
and peroneal venae comites respectively unite 
to form single veins which then join to form 
the tibioperoneal trunk. The latter is subse- 
quently joined near the upper border of the 
interosseous membrane by the anterior tibial 
vein, formed from two venae comites, and 
the popliteal vein begins (Fig. 1). He adds 
that occasionally the tibioperoneal trunk is 
reduplicated, with a principal vessel and a 
smaller collateral. Another variation men- 
tioned is that the posterior tibial, peroneal, 
and anterior tibial veins all join at one point 
to form the popliteal. The only other ab- 
normality described is possible reduplication 
of the popliteal vein in the lower part of the 
space, a large trunk representing the posterior 
tibial and peroneal veins, and a smaller one 
the anterior tibial vein. 

A detailed account is given by Picqué and 
Pigache (1909) who came to the conclusion 
that the popliteal vein was never single. They 
found that of 42 cases, it was double in 39 
and triple in the remaining 3. 


From the Department of Anatomy, Manchester University, 
Manchester, England. 


To amplify, if possible, the available de- 
scriptions, the formation of the popliteal vein 
has been studied in 50 adult lower limb dis- 
sections. 


TRIBUTARIES OF THE POPLITEAL VEIN 


The anterior tibial, posterior tibial, and 
peroneal veins were found to be double over 
the greater part of their lengths, but contrary 
to the usual description the junction of the 
venae comites into a single trunk was found 
to be the exception rather than the rule. Each 
one of the respective venae comites played 
varying roles in the eventual formation of the 
popliteal vein. 

Owing to its direct course along the limb 
the posterior tibial must be regarded as the 
precursor of the popliteal vein, but the former 
was not necessarily bigger than the peroneal 
vein and on many occasions was smaller. In 
approximately half the cases the posterior 
tibial venae comites joined to form a single 
trunk but in the remaining instances they 
formed some kind of junction with the pero- 
neal veins. 

It was even rarer for the two peroneal veins 
to unite, this occurring in only 10 cases. The 
venae comites generally remained separate 
and made varying combinations with the an- 
terior and posterior tibial veins. These com- 
binations are discussed in greater detail in the 
following. 

The anterior tibial veins least frequently 
formed a single trunk, doing so only 5 times 
in the 50 limbs investigated. These two veins 
(occasionally three) differed widely in their 
modes of communication with the main vein. 
One almost always joined a tibioperoneal 
trunk about the level of the upper border of 
the interosseous membrane. The other joined 
anywhere from this level to a few centimeters 
above the line of the knee joint. As the tibio- 
peroneal trunk was usually double at this 
level each anterior tibial vein generally united 
with a different division. 
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THE FORMATION OF THE POPLITEAL VEIN 


The most striking fact observed was the 
large number of ways in which the popliteal 
vein arose. The common concept of a single 
popliteal vein was found in a minority of 
cases. For purposes of classification the num- 
ber of popliteal trunks at the level of the knee 
joint was taken as deciding whether the vein 
was single or not. In only 13 cases was there 
a single popliteal vein at this level; in 33 dis- 
sections the vein was double, and in 4 there 
were three veins present. The various ar- 
rangements can be studied most easily by 
taking each of these groups separately. 

Group 1—One popliteal vein (13 cases). 
This group conformed fairly closely to the 
usual anatomic descriptions (Fig. 1). As a 
rule the posterior tibial and peroneal veins 
united and were then joined by the anterior 
tibial veins. In 3 cases, however, the tibio- 
peroneal trunk remained double until within 
2 centimeters of the knee joint and the ante- 
rior tibial veins joined one or both of these 
trunks. 

Group 2—Two popliteal veins (33 cases). 
This was by far the largest group, containing 
two thirds of the cases, but there were wide 
variations of arrangement within it. Of the 
two trunks one was generally larger, occasion- 
ally very much larger, than the other. Both 
trunks were constituted in many ways. For 
simplicity the smaller trunk alone is describ- 
ed here; those branches of the tributary ves- 
sels which did not join it entered the main 
trunk, whose formation in any given case can 
therefore be worked out. 

The smaller popliteal trunk was formed in 
the following ways: (a) In 11 cases this vein 
was simply one of the venae comites of the 
anterior tibial vein (Fig. 2). (b) In 7 cases 
the double popliteal vein was due to the venae 
comites of the posterior tibial vein remaining 
separate as far as or beyond the level of the 
knee joint. There was generally a consider- 
able difference in the size of these two vessels, 
depending on the number of tributaries each 
had received (Fig. 3). (c) In § cases the pop- 
liteal vein collateral was made by the junction 
of one anterior tibial and one peroneal vena 
comes (Fig. 4). (d) The remaining 10 cases 
embraced a wide variety in the formation of 


the popliteal veins and in this section 7 differ- 
ent patterns were found. Indeed, it seems 
likely that any possible combination of the 
veins concerned may occur. 

Group 3—Three popliteal veins (4 cases). As 
this group contained only 4 cases the types 
of formation could not be analyzed. In each 
of these cases the arrangement was different 
from that in the others, the three tributary 
veins playing varying roles in the pattern. 
There is obviously more scope for variations 
with three veins than with two (Fig. 5). Al- 
though more than three divisions of the pop- 
liteal vein were not encountered there is no 
reason to assume that this is the highest num- 
ber possible; in a larger series of dissections 
it is probable that this figure would be ex- 
ceeded. 

MUSCULAR VEINS 

These appear to be more constant than the 
main trunks described. The biggest muscles 
in the calf are the soleus and the two heads of 
the gastrocnemius, and so they are drained 
by the biggest of the muscular veins. The 
pair of veins from the soleus generally joined 
the peroneal veins so tending to make the 
latter bigger than the posterior tibial veins. 
This junction occurred 3 or 4 centimeters be- 
low the level at which the anterior tibial veins 
appeared. 

Each head of gastrocnemius was drained by 
two veins, which generally joined the larger 
popliteal trunk separately, either at the level 
of the knee joint, or more commonly 2 or 3 
centimeters above it. 


DISCUSSION 


From the above account it is evident that 
the popliteal vein itself and its tributaries pre- 
sent a diverse picture and while a few broad 
classifications can be made, many of the ve- 
nous patterns require individual description. 
This anatomic variety is likely to add to the 
difficulty of the surgical problems relating to 
the popliteal vein and its pathology. 

Bauer (1950, 1951) apparently ties only one 
popliteal vein and regards it as normally a 
single trunk. He considers that in a small pro- 
portion of cases only (11 out of 196) is a bad 
result due to failure to tie a collateral (1). 
He resects a segment of one vein, 1 to 3 centi- 
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Fig. 1. Diagram illustrating formation of popliteal vein as usually 


described. 


Fig. 2. Diagram showing popliteal vein collateral formed by vena 


comes of anterior tibial vein. 


Fig. 3. Diagram showing double popliteal vein formed from venae 


comites of posterior tibial vein. 
Fig. 4. 


Diagram showing popliteal vein collateral formed by 


branches from the anterior tibial and peroneal veins. 
Fig. 5. Diagram showing popliteal vein in three divisions. 


meters long, at the lower end of the popliteal 
space and so it would appear that in about 
three quarters of the cases at least one division 
is not ligated in his procedure. 

The pathologic basis of the operation is not 
under discussion here. It does seem, however, 
that more notice should be taken of the anat- 
omy of the popliteal vein itself. One obvious 
query is whether it is desirable to tie the 
whole vein or only a major branch and leave 
a smaller one to assist the venous return. It 
is, also, unlikely that any advantage can be 
derived from interrupting veins draining the 


large muscles. When these problems have 
been considered it may then be possible to 
determine the optimum site for ligation. 

The various divisions of the popliteal vein 
have generally united 5 centimeters above the 
level of the knee joint but in isolated instances 
(2 out of 50 cases in this series) a branch may 
not join till near the middle of the thigh. The 
popliteal vein can therefore be most certainly 
interrupted about 5 centimeters above the 
knee joint, but even so a collateral may be 
missed occasionally. At this site, however, 
the venous return from both heads of the 
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gastrocnemius would be impeded. To spare 
these muscular branches, ligation should be 
performed a centimeter or so below the knee 
joint but it should be emphasized that in this 
situation at least one other trunk will be 
present in three quarters of the cases. At both 
these sites there will be interference with the 
venous return from the soleus muscle, which 
constitutes a large proportion of the soft tis- 
sues below the knee. 

On anatomic grounds it is difficult to believe 
that this procedure can assist an already im- 
paired venous return or reduce the previously 
swollen leg. Indeed, it is possible that pa- 
tients are not made worse because in only a 
small proportion of the cases is there complete 
interruption of the popliteal vein and that 
in the majority at least one division remains 
to conduct the deep venous drainage of the 
ae SUMMARY 

1. The formation of the popliteal vein has 
been investigated in 50 adult lower limb dis- 
sections. 
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2. It was found that the popliteal vein is a 
variable structure and that in the majority 
of cases consists of more than one vessel at the 
level of the knee joint. 

3. The most suitable anatomic site for liga- 
tion of the popliteal vein has been discussed. 
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THE SURGICAL MANAGEMENT OF PROFUSE 
HEMORRHAGE FROM UTERINE CARCINOMA 


ARNOLD M. SALZBERG, M.D., W. ALLEN FULLER, M.D., and RANDOLPH H. HOGE, 
M.D., F.A.C.S., Richmond, Virginia 


XSANGUINATION from uterine car- 
cinoma is not infrequent. In a mor- 
tality study of over 1,000 patients 
with uterine carcinoma treated at the 

Mayo clinic, Fricke stated that many patients 
die from hemorrhage but the number of such 
patients was not given. Faerber reported 3 
deaths from hemorrhage in 150 autopsy cases 
of uterine carcinoma. Pearson reviewed 57 
consecutive autopsied cases of carcinoma of 
the cervix and found hemorrhage to be the 
cause of death in 5, or 9 per cent of the cases. 
Pitts and Waterman reported a series of 373 
cases of uterine carcinoma treated with radia- 
tion. Eleven deaths occurred within 2 months 
after the radiation therapy was completed. 
Two of the 11, or 18 per cent, were due to 
exsanguination. It would seem that the con- 
trol of severe hemorrhage from uterine carci- 


noma warrants a standardized surgical ap- 
proach. 

The surgical ligation of the uterine blood 
supply is a relatively simple operation and 
deserves a more publicized place in the arma- 
mentarium of the general surgeon and gyne- 


cologist. It carries very little mortality and 
no morbidity, in the sense of producing avas- 
cular necrosis of the uterus or jeopardizing the 
nutrition or function of the bladder or rectum. 

European literature contains many refer- 
ences to surgical control of the uterine blood 
supply in the event of hemorrhage. The fol- 
lowing are cited by Leventhal, Lash, and 
Grossman. In 1923, Orthner described a 
technique for the extraperitoneal ligation of 
the hypogastric arteries for hemorrhage in 
advanced cases of cancer of the cervix. Aster- 
iades, in 1924, collected 42 cases of severe 
hemorrhage from inoperable carcinoma of the 
uterus treated by transperitoneal hypogastric 
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artery ligation. The results were satisfactory 
in 32 cases. In 1931, on the basis of 23 cases 
Hartung recommended the extraperitoneal 
approach to the hypogastric arteries for severe 
uterine hemorrhage from carcinoma. In 1933, 
Haupt reported a series of 67 cases of uterine 
hemorrhage from carcinoma managed by bi- 
lateral hypogastric artery ligation. Bleeding 
continued in 7 cases. Subsequently, in these 
cases, the ovarian vessels and round ligaments 
were ligated through the same extraperitoneal 
approach and the bleeding controlled. In 
1934, Frommolt ligated the hypogastric arter- 
ies transperitoneally for hemorrhage in 3 cases 
of advanced carcinoma of the cervix. Pitts 
and Waterman ligated the uterine artery in 1 
case because of hemorrhage. In 1938, Leven- 
thal, Lash, and Grossman reported 5 addition- 
al cases of massive hemorrhage from carci- 
noma of the cervix treated by extraperitoneal 
ligation of both hypogastric arteries. The 
bleeding was controlled in each instance. 

Six cases of massive uterine hemorrhage 
from carcinoma of the cervix treated by vari- 
ous types of surgical hemostasis are included 
in this report (Table I). The ages of these 
patients ranged from 25 to 47 years. Broders’ 
and the League of Nations’ definitions were 
used to classify the lesions before treatment. 
One was grade 2, stage I; 2 were grade 2, 
stage II; 2 were grade 2, stage III; and 1 was 
grade 3, stage III. All patients had received 
radiation therapy in the form of x-ray or radi- 
um, or both. In 5 of the patients, alarming 
vaginal hemorrhage began within 1 week to 5 
months after completion of the radiation 
therapy. In the sixth patient, profuse bleed- 
ing and the development of a rectovaginal 
fistula occurred 10 months after therapy. In 
all of these patients severe vaginal hemor- 
rhage had occurred from 2 to 6 times before 
surgical intervention was undertaken. In 
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TABLE I.—SUMMARY OF 6 CASES OF MASSIVE UTERINE HEMORRHAGE 















































Onset of | No. episodes 
Broders, and ; 
No. Race | League of at mad poscorse g Astertan tt d P . Foll 
Patient Age Nations ollowing rea’ eries ligate ostoperative course ollow-up 
deeniaons radiation conserv- 
therapy atively 
I Negro | Grade 2, I month 6 Hypogastric and ovarian, | Minimal vaginal spotting | Died in 4 months 
S.L.J. 25 stage III bilateral 
2 White | Grade 2, 5 months 6 Hypogastric, bilateral One episode moderate Died in 19 months 
A.O.L. 30 stage III vaginal bleeding 
3 Negro | Grade 3, 1 week 2 Hypogastric, bilateral Two episodes moderate Died in 16 months 
cz. 33 stage III vaginal bleedi 
4 White | Grade 2, 2 weeks 5 Hypogastric and ovarian, | Bleeding stopped Alive with no recurrence 
E.M. 36 stage II bilatera! ofca. or bleeding, 234 yrs. 
5 White | Grade 2, 4 months 5 Hypogastric, bilateral Bleeding stopped Alive with no recurrence of 
A.B.B. 40 stage I ca. or bleeding, 234 yrs. 
6 Negro | Grade 2 to months 2 Hypogastric, bilateral Four episodes severe rec- | Alive 4 months 
C.W. 47 stage tr tovaginal bleeding 





each instance, conservative measures, such as 
packing, were attempted repeatedly until it 
appeared that a fatality from exsanguination 
was a distinct possibility if more drastic meas- 
ures were not effected. 

Two of the patients were managed by liga- 
tion of both hypogastrics and both ovarian 
arteries. Subsequently, in one of these, there 
was one minor episode of vaginal spotting and 
in the second, complete cessation of bleeding. 
The latter patient is now alive and well, with- 
out recurrence of bleeding or carcinoma, 2% 
years after ligation. The other patient sur- 
vived for 4 months. 

The remaining 4 patients were managed by 
bilateral hypogastric artery ligation alone. In 
1 of this group, bleeding stopped completely 
and the patient is alive and well, without re- 
currence of bleeding or carcinoma, 214 years 
later. Postoperatively, 2 patients from this 
group had several episodes of moderate vagin- 
al bleeding, severe enough to require packing. 
These 2 patients survived 16 and 19 months 
following arterial ligation. Prior to vascular 
ligation, the last patient in this group had 
severe vaginal hemorrhage with the develop- 
ment of a rectovaginal fistula. Following bi- 
lateral hypogastric artery ligation and colos- 
tomy, she had 4 episodes of rather severe 
rectovaginal bleeding. Packing controlled the 
bleeding at this time, though prior to ligation, 
packing was not effective. This patient has 
now been followed for 4 months following 
operation. No further bleeding has occurred. 


In surveying the literature as well as the 
cases herein compiled, it became apparent 
that major attention was being focused on 
the blood supply of the uterus in terms of the 
hypogastric-uterine-vaginal artery system 
rather than the total vascular supply of that 
organ. Blood reaches the uterus from three 
sources: the uterine artery from the hypogas- 
tric, the ovarian from the aorta, and a small 
branch from the inferior epigastric artery 
which runs to the round ligament and thence 
to the uterus. It would seem proper to inter- 
rupt each of these pathways in order to insure 
hemostasis in the event of catastrophic hemor- 
rhage from uterine carcinoma. 

In past years it was thought best to ap- 
proach the uterine blood supply extraperitone- 
ally in order to avoid peritoneal contamina- 
tion, but now the transperitoneal route is the 
method of choice. The internal iliac arteries 
and other arteries concerned can be exposed 
rather well through a midline or paramedian 
incision extending from the pubis to the um- 
bilicus. The termination of the abdominal 
aorta and thence the common iliac arteries 
are identified, and the hypogastric artery is 
located at its origin from the bifurcation of 
the common iliac opposite the upper part of 
the sacroiliac joint. The hypogastric artery 
is a short, thick vessel, smaller than the ex- 
ternal iliac, and about 4 centimeters in length. 
Its important relations are the ureter an- 
teriorly, posteromedially the internal iliac 
and posterolaterally the external iliac vein. 
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The hypogastric artery should be exposed 
by incising the peritoneum for a distance of 4 
centimeters, 2 centimeters above and 2 centi- 
meters below the bifurcation of the common 
iliac artery. On the left side, the lower part 
of the sigmoid mesocolon makes the operation 
slightly more complicated than on the right, 
because the mesosigmoid usually conceals the 
origin of the hypogastric artery and, there- 
fore, as the initial approach, the mesosigmoid 
may have to be pulled down and in- 
cised, carefully avoiding the hemorrhoidal ves- 
sels. On the right side the peritoneum can be 
divided directly over the artery. The ureter 
is identified, as it crosses this region, and re- 
tracted, and the external and internal iliac 
arteries are easily demonstrated. The fascia 
over the hypogastric artery is incised, and the 
cylindrical pulsating artery is separated from 
the flattened iliac veins which lie postero- 
medially and posterolaterally. A No. 2 silk 
ligature is passed from the medial side of the 
hypogastric artery at its origin, staying in 
close contact with the artery to protect the 
iliac veins, especially the external iliac. The 
ligature is tied snugly. A second ligature is 
similarly inserted and tied at least 2 centi- 
meters distally. A suture ligature is placed 
between the two sutures and the artery tran- 
sected distal to the suture ligature. 

The iliac veins may be injured when the 
ligature is passed around the artery. This 
accident will occur rarely if the artery is 
thoroughly freed from both veins by careful 
dissection before the ligature is passed. The 
ureter may be injured by inadvertent inclu- 
sion in the ligature. If the ureter is located 
and retracted early in the dissection, it will 
not be caught in the ligature. 

Ligation of the ovarian vessels and artery to 
the round ligament is an integral part of 
uterine hemostasis, because both of these ves- 
sels anastomose freely with each other, as 
well as with the larger uterine artery in the 
broad ligament and in the substance of the 
uterus. However, in the cases herein reported, 
the round ligaments were not ligated. 

Interruption of the ovarian artery may be 
accomplished by suture ligature of the in- 
fundibulopelvic ligament or by transfixion of 





the broad ligament. Care must be exercised 
to exclude the ureter from these ligatures. 

The artery to the round ligament is oc- 
cluded by suture ligation of the round liga- 
ments. 

The collateral circulation to the pelvic 
structures should be adequate following this 
operative procedure. It is carried on mainly 
by anastomosis of the hemorrhoidal branches 
of the hypogastric artery with those from the 
inferior mesenteric; of the obturator artery 
with the inferior epigastric and medial femoral 
circumflex; of branches of the profunda fem- 
oris artery with the inferior gluteal; and of the 
gluteal arteries with the lumbar arteries from 
the aorta. 

The combination of pelvic irradiation and 
carcinomatosis often makes the operation dif- 
ficult. There have been at least 2 instances 
in which the operative field was thoroughly 
obscured by carcinomatous invasion and radi- 
ation reaction, requiring the abandonment of 
the vascular attack. 

In conclusion, this operative procedure may 
be effective in the management of otherwise 
uncontrollable hemorrhage from uterine car- 
cinoma and thereby may offer palliation to 
those unfortunate women who face exsangui- 
nation from these lesions. 
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PARTIAL GASTRECTOMY AND 
ITS SEQUELAE 


T IS generally agreed among surgeons the 
world over that radical partial gastrec- 
tomy of the Billroth II or Polya type 

performed for duodenal or gastric ulcer gives 
a very high percentage of cures as far as recur- 
_ rence of the ulcer is concerned. Nevertheless, 
in recent years many surgeons have tended to 
withdraw their whole-hearted support from 
this operation because of the sequelae which 
occasionally follow it. 

For many years little attention was paid to 
these after effects of partial gastrectomy, as it 
was considered that they disappeared sponta- 
neously. We now know, however, that in 
about 15 per cent of patients symptoms of 
some type will persist. Included in this num- 
ber is a smaller group of from 3 to 6 per cent, 
as reported both here and in England, in whom 
the symptoms will be disabling. Until recent 
years there has been very little attempt to an- 
alyze these symptoms and to determine their 
cause and therefore a good deal of confusion 
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still exists. This has been enhanced by the 
general use of certain misleading terms, such 
as “the dumping syndrome,” and by the at- 
tempts of investigators to explain all the ob- 
served phenomena by a single causative factor. 

For clarity, let us briefly consider all the 
conditions that appear as complications of this 
type of partial gastrectomy. These are as 
follows: 

1. Agroup of symptoms including epigastric 
fullness, weakness, nausea, vomiting, sweat- 
ing, and tachycardia, occurring typically at or 
just after the taking of food, relieved by re- 
cumbency; i.e., the so-called dumping syn- 
drome. This term is deceptive, as we now 
know that these symptoms are not due to the 
rapid emptying of the gastric remnant and the 
dilatation of the efferent jejunum, as almost 
all cases show these phenomena, yet very few 
suffer any symptoms. 

2. Symptoms due to abnormal carbohy- 
drate metabolism. (a) It is well known that 
hyperglycemia occurs frequently following 
partial gastrectomy, due to the rapid empty- 
ing of the remaining stomach and rapid ab- 
sorption of carbohydrate. It is doubtful, how- 
ever, if symptoms arise solely from this cause. 
Many patients show well marked postprandial 
hyperglycemia and yet have no symptoms and 
it can be shown that the period during which 
symptoms are present is not synchronous with 
the maximum rise in the blood sugar. (b) 
Postprandial rebound hypoglycemia is a very 
definite entity. The symptoms, which are 
those of hypoglycemia from whatever cause, 
are, of course, very similar to those of the so- 
called dumping syndrome; i.e., weakness, 
faintness, nausea, sweating, and tachycardia. 
The two conditions are readily distinguished 























from one another, however, due to the fact 
that the symptoms of postprandial hypogly- 
cemia appear late, i.e., 2 to 3 hours after meals, 
are enhanced by work or exercise, and relieved 
almost immediately by food containing carbo- 
hydrate. Moreover, the condition is relatively 
rare, does not appear for 6 to 8 months after 
operation, often disappears spontaneously, and 
is relieved by the administration of a high fat 
diet which simply cuts down the rapidity of 
emptying of the stomach. It has been sug- 
gested that the individuals who suffer in this 
way have developed an insulin sensitivity. 

3. Irritative gastritis and/or jejunitis. These 
conditions are probably rarely primary, occur 
mostly as complications of one or more of the 
mechanical conditions to be discussed later. 
They are sufficiently important, however, to 
be listed as entities. 

4. For completeness, two other conditions 
must be mentioned; i.e., failure to gain weight 
and secondary anemia. These conditions, al- 
though relatively common, are seldom dis- 
abling and are generally taken care of by sim- 
ple measures and therefore will not be dis- 
cussed further. 

Our main interest at this time lies in the 
first group of symptoms; that is, the so-called 
dumping syndrome. What causes it? Con- 
sideration of the mechanical factors inherent 
in partial gastrectomy will help to clarify the 
problem. These are as follows: (1) the small 
size of the gastric remnant; (2) the free access 
of bile and pancreatic juice into the stomach; 
and (3) partial obstruction of either the effer- 
ent or afferent jejunal openings at the anasto- 
mosis due to edema, kinking, or adhesions. 

After any type of partial gastrectomy in- 
cluding the Billroth I, gross overfilling of the 
remaining stomach will cause symptoms al- 
most indistinguishable from the so-called 
dumping syndrome; i.e., fullness, nausea, vom- 
iting, sweating, and tachycardia. This is com- 
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mon early after operation but as the postoper- 
ative edema and swelling about the anastomo- 
sis disappear and emptying becomes more 
rapid and the patient learns his capacity, the 
symptoms disappear. They may reappear as 
before, however, if overfilling occurs either 
from overeating or from delayed emptying. 

The free access of bile and pancreatic juice 
to the stomach is a factor which is very diffi- 
cult to assess. In most individuals the pres- 
ence of a moderate amount of bile and pan- 
creatic juice in the gastric content as demon- 
strated by postoperative gastric analysis causes 
no symptoms. A few individuals seem to be 
more susceptible than the average to this con- 
dition and will suffer with nausea and vomit- 
ing, especially if more bile and pancreatic 
juice than usual are diverted into the stomach 
because of the mechanics of the anastomosis. 

Partial obstruction of the efferent jejunum. 
—If there is delayed emptying of the gastric 
remnant because of partial obstruction of the 
efferent jejunum for any reason, symptoms 
due to either overfilling or the irritative effect 
of bile and pancreatic juice may result. In re- 
lation to the latter, while food remains in the 
stomach the effect of the presence of the bile 
and pancreatic juice seems to be minimized 
but when the stomach remnant is empty, the 
continued flow of bile seems to produce suffi- 
cient irritation to cause vomiting. Thus, often 
pure bile alone is vomited. 

Partial obstruction of the afferent jejunum 
at the anastomosis.— Obstruction of this open- 
ing is more difficult to investigate, as in most 
cases it cannot be visualized in postoperative 
roentgenograms. We do know it occurs, how- 
ever, and is one of the factors responsible for 
rupture of the duodenal stump. According to 
Capper and Butler of Bristol, who have done 
a tremendous amount of excellent investiga- 
tion of the problem, this factor plays a large 
part in the production of the dumping syn- 
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drome. They believe that the weight of the 
overloaded afferent jejunum plus the weight 
of the full stomach exerts sufficient traction on 
the supports of these structures to cause sym- 
pathetic stimulation. They have shown that, 
whatever the cause, the symptoms are pro- 
duced by stimulation of the sympathetic, and 
may be relieved or prevented by blocking the 
celiac plexus and its branches with novocain. 
Their theory of the cause of the symptoms 
does not seem to be a complete explanation of 
the observed phenomena but certainly there is 
a great deal of evidence to support the idea 
that in these cases there is partial obstruction 
at the junction of the afferent jejunum with 
the stoma with retention of bile and pancreatic 
juice. The evidence is as follows: (1) The 
symptoms are relieved by lying down. (2) 
X-ray examination reveals the gastric rem- 
nant and efferent jejunum to be normal; i.e., 
there is the usual rapid emptying. (3) Ina 
series of partial gastrectomies performed by 
Capper in which the lesser curvature of the 
gastric remnant was supported by suture and 
the efferent jejunum held up by suturing it to 
the free edge of the gastrohepatic omentum so 
that it emptied freely, there was no occurrence 
of the syndrome. (4) At operation in the ma- 
jority of cases the afferent jejunum is found to 
be dilated. (5) Wide enteroanastomosis be- 
tween the jejunal loops as far as possible from 
the stomach has been very successful in reliev- 
ing the symptoms in a high percentage of 
cases. 

As will be evident from the foregoing, there 
is still a great deal of investigation to be done 
in regard to the sequelae following partial gas- 
trectomy. The most probable explanation of 
the so-called dumping syndrome is partial ob- 
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struction of the afferent jejunum plus the irri- 
tative effect of the continuous flow of the 
blocked-back bile and pancreatic juice into the 
empty stomach. Several conditions may pro- 
duce symptoms almost identical with those of 
the syndrome; i.e., overfilling of the small gas- 
tric remnant and rebound hypoglycemia. The 
encouraging fact is that, as our knowledge of 
these sequelae increases, it is possible either to 
avert them altogether or to treat them by rel- 
atively simple procedures. 

It has seemed to me that, in view of the con- 
cern displayed by many surgeons over the 
sequelae of partial gastrectomy of the Bill- 
roth II or Polya types, it might be timely 
to re-emphasize some of the following points: 
(1) the commonly accepted fact that radical 
partial gastrectomy of this type gives a high 
percentage of cures as far as the recurrence of 
the ulcer is concerned; (2) that in most fol- 
low-up clinics, the most grateful patients that 
one encounters are those who have undergone 
partial gastrectomy for duodenal or gastric 
ulcer; (3) that the frequency and severity of 
postgastrectomy sequelae have been over- 
rated; (4) that the small group of patients, 3 
to 6 per cent, in reported series, in whom the 
symptoms are disabling, can be treated suc- 
cessfully by a rather minor procedure; (5) 
finally, that although it is recognized that 
other procedures have their very definite place 
in the surgical therapy of duodenal and gastric 
ulcer, partial gastrectomy of the Billroth II or 
Polya type is the most frequently indicated: 
operation in these conditions, that it is time- 
tested, and that although possibly other meas- 
ures may eventually supplant it, their claims 
have not as yet been substantiated. 

F. I. LEwIs. 




















THE SURGEON AT WORK 


A SIMPLIFIED METHOD FOR THE 
REMOVAL OF SKIN SUTURES 
WILLIAM MENDELSOBHN, M.D., New Haven, Connecticut 


HIS short note is presented in order to il- 
lustrate a simplification of the technique 
for the removal of skin sutures. 

In ordinary practice, each suture is 
elevated individually, snipped with scissors, and 
removed. This removal of each suture may be ac- 
companied by some pain and particularly emo- 
tional trauma. This can develop into a trying situ- 
ation when the patient is an unco-operative child. 

In the technique presented here, at the time of 
wound closure the individual suture ends are kept 
long and are tied together in bundles. The suture 
ends may be tied in one or more groups depending 
on the surgeon’s preference for the number of 
sutures to be removed when the wound is dressed. 
If it is planned to remove alternate sutures then 
the suture ends are tied in two groups. In order 
to remove the sutures, each individual suture is 
snipped in the usual manner and then one quick 
pull on the bundle removes all the sutures at once. 

When skin sutures are removed by this method, 
the patient feels only one instantaneous twinge 
similar to that experienced when any single suture 
is removed. Children tolerate such a procedure 
quite well and are distracted by the bundle of 
sutures. They do not fear the initial cutting of 
the sutures. Nearly always, it is the introduction 
of a hemostat or forceps to remove the cut suture 
which upsets most children. In this method only a 
scissors is used and the bundle of sutures may be 
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picked up with the fingers if necessary. The au- 
thor has removed as many as 28 sutures by this 











Fig. 1. Drawing illustrating method of removing skin 
sutures. 


method and a larger number can be dealt with 
provided the suture ends are left long enough to 
tie into bundles. 
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classic, The Gold-Headed Cane, is a beautiful 

example of the bookmakers’ art. ‘The type 
face is Linotype Baskerville, set 12 point on 14 point. 
The text paper is 60 lb. Champion Garamond An- 
tique Eggshell. The binding cloth is Bancrofts Ox- 
ford 3260.” These details may not be significant to 
the casual reader but the net result is a most attrac- 
tive volume that is a delight to read and hold. 

This edition of Macmichael’s volume is a reprint 
of the fifth edition (1923, London, Kimpton), in 
which in turn were reproduced the text and illus- 
trations of the second edition (1828, London, John 
Murray). The first edition, from the same pub- 
lisher, appeared in 1827. 

In this new edition also is a foreword by James 
J. Waring and a preface by Professor William J. 
Kerr in which he recounts the revival of the tra- 
dition of the Gold-Headed Cane at the University 
of California as ‘‘a device for bringing the Art of 
Medicine more forcibly to the attention of students, 
faculty and of all those concerned with the care of 
patients.” 

The first award of the new Gold-Headed Cane 
was made in 1939, and the award has been made 
each year since that date, twice in 1943 and in 1946. 
The recipient is chosen from five men named by 
ballot as the outstanding members of the class. 
From these five, three are chosen by the faculty of 
the Department of Medicine and the senior stu- 
dents. To the first is awarded the cane; to the 
second, first honorable mention; and to the third, 
second honorable mention. ‘“The award is based 
upon the student’s interest in the welfare of his 
patients during his entire clinical experience.” In 
addition to the canes awarded to outstanding stu- 
dents, similar canes have been presented to a num- 
ber of outstanding physicians who have acted as 
guest speakers at the annual ceremony and some of 
the recipients—both students and distinguished 
guests—have passed on these canes to their succes- 
sors, as did Radcliffe and Mead in earlier years. 

Macmichael’s volume divided into five chapters, 
devoted in turn to Radcliffe, Mead, Askew, Pit- 
cairn, and Baille, is in reality a historical view of 
English medicine in the years from 1689 to 1823. 
It must be added, however, that it is a picture seen 
from the viewpoint of one who carried the Gold- 


THe Goip-HEADED CANE. By William Macmichael, M.D. 
Foreword by James J. Waring, M.D., and preface by William 
J. Kerr, M.D. 7th ed. 187 pages, illustrated. $6.50. Spring- 
field, Ill.: Charles C Thomas, 1953. 
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Headed Cane as a part of his professional equip- 
ment and who was better acquainted with “the 
boast of heraldry, the pomp of power” than with 
the “short and simple annals of the poor.” Rad- 
cliffe, we learn very early, was physician to King 
William and to Princess Anne, later Queen Anne. 
These appointments and his reputation among the 
nobility and the well-to-do very quickly brought 
him financial success. “I gained,” he said to Mead 
on presenting him with the Gold-Headed Cane, 
“more than 600 guineas per annum by my attend- 
ance upon His Majesty ... I had not been settled a 
year in London when I got twenty guineas a day 
by my practice; and even Dandridge, the apothe- 
cary whom I patronized, died, as I am informed, 
worth more than £50,000.” (In the Yale Review, 
1950, vol. 39, p. 6323, G. E. Dawson suggests that 
a conservative estimate of the value of the pound 
in 1600 would be $40.00. On that basis “twenty 
guineas a day” would equal $840.00!) Radcliffe 
never married. He left his fortune almost entirely 
to Oxford where his name is perpetuated in the 
Radcliffe Library, ‘perhaps the most beautiful 
building in Oxford’’, the Observatory, and the Rad- 
cliffe Infirmary. 

The careers of Mead, Askew, Pitcairn, and Baillie, 
followed much the same pattern as Radcliffe’s. 
Mead was one of the first to advocate inoculation 
of smallpox as a preventive measure; he was a lover 
and collector of books and a generous patron of 
literature, but ‘‘he made no important addition to 
medical knowledge.’”’ Askew also was known as a 
collector of books and manuscripts “over whose 
magnificent folios and shining duodecimos, printed 
on vellum and embossed with gold, Dibdin (the 
English bibliographer) almost lost himself in ecsta- 
sy”; but “‘he contributed nothing to medical liter- 
ature.” Pitcairn, his successor, although a leader in. 
his profession ‘“‘ published nothing.” “ ‘The peculiar 
and melancholy privilege was reserved for him to 
enlighten his profession in the very act of dying’ ” 
(probably from diphtheritic obstruction of the lar- 
ynx). Of all the possessors of the Gold-Headed 
Cane only the last, Matthew Baillie, the nephew of 
William and John Hunter, seems actually to exem- 
plify a tradition such as Professor Kerr is striving 
to perpetuate at the University of California. Like 
his distinguished uncles he became a teacher of 
anatomy and continued to lecture for nearly 20 
years. His work on morbid anatomy, published first 
in 1793 and illustrated by engravings of specimens 
from William Hunter’s Museum, brought him fame 
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and reputation. In later editions he added accounts 
of the clinical pictures associated with the patho- 
logic processes depicted. Four vears before his 
death he presented to the Royal College of Phy- 
sicians his entire collection of anatomic prepara- 
tions, “by far the greater number of which had been 
made with his own hands.” 
An inscription in Latin underneath a bust to his 
memory in Westminster Abbey reads: 
To Matthew Baillie, M.D., 
a great physician of complete uprightness, 
penetrating intellect, sincere, straightforward, 
liberal, conscientious. 


SumMnNER L. Kocu. 


Sh. fact that Rose and Carless’ Manual of Sur- 
gery' has survived to appear in its eighteenth 
edition would alone seem to testify to its worth. 
Sir Cecil Wakeley has done an excellent job in its 
revision. As he says in his preface, advances have 
come so rapidly in the 9 years since the last edition 
of this manual was published that he has had to re- 
write the material practically completely. In addi- 
tion to doing much of the writing himself, he has in 
this edition, invoked the aid of several contributors. 
They also deserve credit for the fine chapters which 
they have contributed. One cannot help but ob- 
serve the facility with which our fine language is 
used. Skill in the use of the English language, re- 
spect for the employment of the language, and at- 
tention to literary qualities seem to this reviewer 
to be something in which our British cousins excel. 
This volume would seem exemplary in this respect. 

The illustrations are numerous and well selected 
to show the types of pathology discussed. There 
are a number of excellent colored plates which show 
beautifully certain pathologic lesions. The editor 
has been very discriminating in his selection of ma- 
terial for plates, and the publisher also deserves 
credit for the excellent reproductions of the original 
plates and especially of the colored illustrations. 

There is.a very useful discussion of disorders of 
the blood considered in relation to surgery, which 
helps not only in selecting those cases of anemia 
which will be benefited by surgery but also by bring- 
ing to mind the necessity of careful checking of the 
blood system before undertaking major surgery. A 
useful summary concerning blood transfusions, both 
the complex problem of grouping and matching and 
also the dangers of it, is also found. 

There is little of importance to the general sur- 
geon which is not touched upon in this book. Im- 
portant points about diagnosis and treatment are 
covered in such a way as to make available a quick 
review to the busy surgeon. The book should be of 
value to the student since it acquaints him with the 
whole field of surgery and points out facts of estab- 
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Wilkins Co., 1952. 
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lished and proved value. This reviewer has looked 
up each case that has come under his care since 
this book has been at hand and has found helpful 
and wise suggestions in regard to the various diag- 
nostic and therapeutic problems which he has en- 
countered, 

This volume, of course, represents British prac- 
tice which differs from American practice in some 
respects. These differences, however, do not seem 
to involve important fundamentals. Frequent ref- 
erence to important American contributors serve to 
show that the author and his coauthors are fully 
familiar with the advances being made over here. 

There is a good summary on thyroid surgery and 
its problems which gives the essentials of diagnosis 
and treatment. The author takes the view that 
surgery is the current method of choice in the treat- 
ment of thyroid diseases. He refers to the differ- 
ence between the people on the medical side and 
those on the surgical side in that the former some- 
times hope to cure with propylthiouracil whereas the 
latter are inclined to feel that it is a preparatory 
therapy. This reviewer finds himself in sympathy 
with the surgical point of view and _ believes with 
Lahey and others that thiouracil has no place as a 
curative drug in hyperthyroidism. Curiously enough, 
he does not mention radioactive iodine in consider- 
ing the treatment of this disease. It is my belief 
that the position of radioactive iodine has not yet 
been completely established from the point of view 
of treatment and, since its place is somewhat con- 
troversial, it is probably a wise omission in the case 
of a book of this type. 

The section on abdominal surgery is particularly 
well done. There is an excellent chapter on hernia 
and a good chapter on intestinal obstruction. 

In summary, this text is strongly recommended 
for students and practitioners. 

MakrTIN B. TINKER, JR. 


i —— addition, Sectional Radiography of 
the Chest? by Dr. Irving J. Kane, has been 


made to the library of books dealing with the diag- 


nosis of chest diseases. It clearly and briefly pre- 
sents the subject so that all may understand the 
way in which these radiographs are made. The 
major part of the book is a veritable atlas of sec- 
tional radiographs illustrating the conditions which 
can be demonstrated by this technique. 

As recently as 1946, in one of the largest cities in 
this country, no apparatus for making sectional 
radiographs existed in its hospitals. Only in certain 
tuberculosis sanatoria in the neighborhood of this 
city could these radiographs be made. When this 
technique was first introduced in this country, in 
the late thirties, it was used almost entirely in 
tuberculosis work. The ability to focus the roent- 
gen rays at a specified level made it possible to dem- 


2SECTIONAL RADIOGRAPHY OF THE CHEST. By Irving J. Kane, 
M.D. Foreword by Edward D. Churchill, M.D. 154 pages, 
with 1or illustrations. $7.50. New York: Springer Publishing 
Co., Inc., 1953. 
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onstrate cavities persisting after thoracoplasty, 
which could not be shown by other techniques. For 
this reason sectional radiography was done, almost 
exclusively, in institutions in which collapse therapy 
for tuberculosis was being done. Later it was shown 
that the new technique was of great value in many 
other conditions. 

The early motor driven machines were very ex- 
pensive. For this reason cheap but efficient hand 
controlled attachments were made and widely used. 
These were considered by most radiologists to be 
dangerous because of the amount of radiation 
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thought to be received by the technicians. Further 
study has shown that the radiation hazard was 
exaggerated, but at the same time motor driven 
machines have been made available at reasonable 
prices and have been widely adopted. 

The author makes a very sensible plea for unifi- 
cation of terminology and his selection of “sectional 
radiography” to replace tomography and plani- 
graphy, seems an excellent idea. This book can be 
wholeheartedly recommended to all interested in the 
clinical problems of the chest. 

RicHarp H. MEADE. 
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Wounds sutured with smaller sizes of 
D & G surgical gut on Atraumatic 
needles have less trauma and heal 


faster and more cvenly. 


Davis & Geck Inc. 
. unit OF AMERICAN Ganamid company 
| E (Oleg 


57 Willoughby Street, Brooklyn 1, N.Y. 


| f aster 
wound healing 


Patients move about more freely after their 
operations and are out of the hospital sooner 
when their wounds have been closed with 
a minimum of trauma. Davis & Geck offers 
two modern aids to faster and more even 


healing: 


1. Davis & Geck “timed-absorption” sur- 
gical gut-—in small sizes 


2. Davis & Geck Atraumatic® needles 


faster healing with smaller sizes 
of surgeal eut 


Davis & Geck surgical gut sutures may be 
used in smaller sizes than might be expected 
because diameter for diameter the tensile 
strength is unexcelled by any other brand. 
By a unique process of control, these “timed- 
absorption” sutures offer maximum resist- 
ance to digestion during the early days 
when the wound is weakest. After healing 
is under way, digestion is more rapid until 
completed. Smaller suture sizes permit closer 
approximation and provoke less trauma. The 
patient’s convalescence is smoother. 


faster healing with Atraumatic® 
needle .) 


In suturing with Atraumatic needles there 
is less tissue trauma, faster and more even 
healing. The D & G Atraumatic needle is 
joined to its suture smoothly. Needle and 
suture are about the same diameter. No big 
eye and double strand of suture are dragged 
through the tissue. Sutures on Atraumatic 
needles are economical, too. Surgery is easier 
and faster, needles are always sharp, no time 
is lost while the nurse threads needles. 
For better wound healing, use the smaller 
sizes of Davis & Geck “timed-absorption” 
sutures, with an Atraumatic needle attached, 
on your next wound closure. 








